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ABSTRACT 



The present invention provides a horizontally transfer type 
electrophoretic di^lay device that can suppress occurrence 
of cross- talk and is capable of passive matrix addressing that 
can obtain a good display. The display device includes a fist 
display electrode and a second display electrode disposed on 
a first substrate, a second substrate being disposed in 
opposed relation to the first substrate via a barrier wall, a first 
control electrode as one of the two control electrodes 
disposed on the second substrate, and a second control 
electrode disposed at the boundary between the first display 
electrode and the second display electrode on the first 
electrode. A voltage can be independently applied to each 
control electrode, a transparent insulation liquid is filled in 
the space formed by the both substrates and the barrier wall, 
and colored and charged particles arc dispersed in the 
transparent insulation Mquid. 

23 Claims^ 66 Drawing Sheets 
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ELECTROPHORETIC DISPLAY DEVICE The essential conditioos of the paper-like display are 

AND METHOD FOR ADDRESSING DISPLAY being capable of rewriting, requiring no or small energy for 

DEVICE retaining display images (memory characteristics), and 

being excellent in bandiness and display image quality. 

BACKGROUND OF THE INVENTION ^ Display methods that arc currently considered to be the 

^ r-- ij r i_ » - paper-like display include reversible display media using 

1. Field of the Invention . ■ . ci i i • i_* • i i 

matrix systems of low molecular weight organic molecule 

The present invention relates to an electrophoretic display ^^^^^^ ^^^-^ (disclosed in, for example, Japanese 

device for displaying migrated charged particles, and a p^^^^^ Laid-Open Nos. 55-154198 and 57-82086) in which 

method for addr^ssmg the display device. ^^^^ recorded and erased with a thermal printer head. 

2. Related Background Art While this system is partly utilized as display portions of a 
Various methods are used for output of a line of infor- prepaid card, it involves some problems that contrast is not 

mation since data volume of various information is being ^ high and the repeating number of recording and erasing 
expanded in recent years as a result of development of is relatively as small as about 150 to 500 limes, 
information instruments. In general, output of information is 15 ^^otjjer display method that can be utilized as the paper- 
roughly categorized into two groups of display on a cathode ^-^^^^ ^^^^^ ^ electrophoi^tic display device (U.S. 
ray picture tube or a liquid crystal panel, and hard copy 3,612,758). The electrophoretic display device is 
display on a sheet of paper using a printer. Needs of a thin disclosed in Japanese Patent Uid-Open No. 9-185087. 
type display device with low power consiimption has been ™ . , , • 

increaZgly required, and the display device that can cor- 20 Thjs display device comprises a dispcnsion system corn- 
respond to these needs has been aggressively developed and j"'* "^^^ P^^^^^ ^^"^ "^.^^ 
put into the market. However, imtges such as letters on the "l^"'*"^'' ^"i^f ^^tP'^ °^ f.^''^*^ °P.P^ .^'T 
^eenbecomehardlydistinguishabledependingonlheview "jspetsioD sj«ten. When a voluge is apphed to the disper- 
angle of the screen or by ttJ reflection light, or the problem '^^^ electrodes, a Coulomb force aUows 
ofburden on the vision caused by flickering or tow bright- ^ and charged particles to be absorbed to he 
ness of the light source has not been sufficiently solved. electrode at the side having an opposite electric charge to the 
Although the display device using the cathode ray picture <='!"8^ charged particles themselves, by 
tube hrmoresuffidem contrast and brightness as compared takmg advantage of the electrophoreUc property of the 
with the liquid crystal display device, the display quality of ^}°'^ 1° , '^^^ particles^ Images are displayed by 

f • TTfcJ... ,„ ,1,, \.JJ1^^„/, „f taking advantage of the color difference between the colored 

the former is not so sumcient yet m the appearance ot 30 , °. , * . , j j j • , .• i- -j i .u 

flickering as compared with the hard copy display to be »°dcharged parUcles and dy«f "isulaUon liquid. In other 

described hereinafter. The display device using the cathode the colored and =ba^ed particles is 

^ . . , ,r , , . u - - ^ . observed when the colored and charged particles are 

ray picture tube has also another problem that it has such a ... c c . i- tf. ui i 

i«™ c. ™ •* f ^.;*,Ki* « , A^^r^ absorbed on the surface of the first hght-permeable elec- 

large size that it is not suitable as a portable device. . . . , JL i 

Sri-, L J 1 L L -J L f trodes proximal to an observer. When the parUcles are 

mjc the hard copy disphy has been considered to be of 35 absorbed on the surface of the second electrode distal to the 

no use by utihzing electronic mformatioa. a vast amount of ^ ^^^^ .^^1^^^^ .^^ 

hard copy outputs are actually used. This is because in ^^^^^ ^^^^ colored to have optical characteristics dif- 

addUion to the problem of the image quali^ of mformaUon ^^^^^ ^^^^^^^ ^ ^^^^^^ 

on the screen, resolution of the screen IS substantially as low or . ^ ^ 

asabout 120dpiascompared withresohitionofprint-outon 40 However, no dyes or. ions .should be nuxed with the 

a sheet of pM)er (usually 300 dpi or more). Accordingly, msulation Uquid m such an electrophoretic display device, 

display image on a panel gives a largpr burden on the vision Presence of these chromatic substances tends to act as 

as compared with the hard copy display. As a result, a line instability factors in electrophoretic operaUons due to 

of information is often output as a hard copy, even when the exchange of additional charges, to cause detenoration of the 

image is distinguishable on the display. It is also the reason 45 Performance, service hfc and stabihty as the display device, 

why the bard copy display is used together even when the For solving these problems, Japanese Patent Laid-Open 

panel display is possible, that a number of the hard copy No. 49-5598 and Japanese Patent Publication No. 

information can be arranged with no restriction of the 1(MX)5727 have disclosed a display device in which a pair 

display area depending on the display size contrary to the of electrodes comprising first and second display electrodes 

panel display, the information lines can be rearranged with- 50 are arranged on the same substrate, and the colored and 

out any complicated hard ware operation, or the information charged migration particles arc made to transfer toward the 

lines can be sequentially confirmed. In addition, the hard horizontal direction as viewed by an observer. A voltage is 

copy display requires no energy, and is so excellent in applied through a transparent insulation liquid, and the 

handiness that the fines of information can be reconfirmed images are displayed by allowing the colored and charged 

'anytime arid anywhere, so long as tbc informatioii size Srot 55 particles to horizontally transfer toward the direction parallel 

extremely large. ^ l^e surface of the substrate between the first and second 

While the hard copy display has many advantages over display electrodes by taking advantage of the electrophoretic 

the panel display except moving images or provided that property of the particles. 

hazardous rewriting is not required, the hard copy display The insulation liquid is transparent in this in-plane 

has a drawback that a lot of paper is consumed. Accordingly, 60 (transfer) type electrophoretic display device, and the first 

development of recording media capable of rewriting display electrode has a color different firom the color of the 

(recordii^ media capable of many recording and erase second display electrodes when viewed from the observer's 

cycles of the images that are high recogniziable by the vision, side. The color of one of the electrodes is made to coincide 

and requires no energy for holding of display images) has with the color of the charged panicles. For example, when 

been actively carried out. The third display method capable 65 the first electrode, the second electrode and the charged 

of rewriting that succeeds the characteristics of the hard- particles are colored black, white and black, respectively, the 

copy is called herein as a paper-like display. second electrode is exposed with white color when the 
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charged particles are distributed on the first electrode, and A fork-shaped first display electrode. In which plural line 

the second electrode is colored black when the charged electrodes are assembled in one pixel, and a fork-sbaped 

particles are distributed on the second electrode. second display electrode, in which plural line electrodes 

The methods for electrically addressing the display device aligned between respective lines of the first display 

on which pixels are arranged in a matrix are roughly 5 electrode, are placed on a first substrate in both of the first 

classified into an active matrix method and a passive matrix and second constructions. A thick film of chromium is 

method. coated on the second display electrode 3, leaving a step 22 

In the active matrix method, switching elements such as ^^h a height of about 03 ^ at the boundary between the 

thin film Uansistors are formed for every pixel, and the first display electrode 4 and the second display electrode 3. 

voltage applied for each pixel is indepcndenUy controlled to jq "^"^^^^ electrode 5a is formed over the entire surface 

one another. This method enables the in-plane (transfer) type within the pixel formed on the second substrate 2 opposed 

electropboreiic display element to be addressed with high to the first substrate 1 with a space of 25 to 116 f4m in the 

display contrast. However, this active matrix method first construction. In the second construction, the control 

involves the problems that the process cost is high in this electrode 13fl is disposed between respective lines of the 

method, and forming the thin film transistors on the polymer first display electrode 4 and second display electrode 3 on 

substrate is difQcult due to high process temperature of the the first substrate. In FIGS. 41A and 41B, the first and 

thin film transistor. This problem is particularly crucial in the second display electrodes are composed of a single line, 

paper-like display since the object is to manufacture a respectively, for the convenience of explanation, 

flexible display with low cost. Although a process for The writing operation in Japanese Patent Publication No. 

forming the thin film transistor on a polymer material to 8-507154 wiU be described using FIGS. 42 and 43. FIG. 42 

which a printing process is applicable is proposed fior 20 ^^^^ transfer of charged particles, and HG. 43 shows an 

solving these problenos, possibiUty of practical use of this ^ change of reflectivity. The cell construc- 

technotogy has not been made clear yet. is the same as described in FIG. 41A (1 pixel). 

TTie passive matrix method affords a low cost process j^^^j ^ described hereinafter was 
smce the ooi^iTuting element reqmred for addr^ng^ determined by the experiment actually carried out by the 
only X-Y electrode Imes, which can be readily formed on the 25 . / *7 . / ■ »i- 
polymer substrate. A voltage corresponding to a writing ^^^"^^'^ present mvenUon, and the expcmncntal is 
voltage may be apphed to X-electrode lines and Y-^lectrode always comcide with diat described m Japanese Patent 
lines crossing to one another at selected pixels, when the Publication No. 8-507154. This is mamly because the con- 
writing voltage is applied to the selected pixels. However, «>itions depend on the physical properties such as polarity 
image signals arc written on a part of peripheral pixels of the 30 amount of charge of the charged particles used, 
selected pixel, or a so-called cross talk phenomenon arises. Accordingly, the applied voltage in the experimental results 
when one attempts to address the in-plane (transfer) type of the charged particles used by the inventors of the present 
electropboretic d^lay device by the passive matrix method, invention will be described hereinafter for easy comparison 
causing very poor display contrast. This is inevitable since with the description of operations in the present invention, 
the in-plaoe (transfer) type electrophoretic di^lay device While a colored liquid may be used as the insulation 
has DO definite threshold against the writing voltage. Hquid in the Japanese Patent Publication No. 8-507154, a 

It is proposed for solvit^ these problems in the electro- transparent insulation liquid is used in the description here- 

phoretic display method having in principle no threshold to inafter for easy comparison with the description of operation 

add a control electrode to the display electrodes in order to according to the present invention. The method for obtaining 

reaUze addressing of the passive matrix using a three dec- 40 the display contrast ts also described, in the same construcr _ 

trodc construction. Most of the proposals on the three tion as used in the embodiment of the present invention, 

electrode construction arc made with respect to vertical wherein the migration particles are colored blade, the first 

transfer electrode type electrophoretic display inchiding display electrode is colored black, and the second display 

those disclosed in Japanese Patent Laid-Open No. electrode are colored white. 

54-085699 (US, Pat. No. 4,203,106). 45 The charged particles are positively charged, and the 

The proposal on the three electrode construction of the second display electrode 3 is used as a common electrode, 

in-plane (transfer) type electrophoretic display device is An addressing voltage Vd is applied to the first display 

only found in Japanese Patent Publication No. 8-507154 electrode 4, and a control voltage Vc is applied to the control 

(U.S. Pat No. 5^5,251). However, the dispersion solution electrode 5a with reference to an earth potential of the 

is not transparent but is colored in Japaitese Patent Publi- 50 second display electrode 3 as a reference, 

cation No. 8-507154 (U.S. Pat No. 5^45,251^ which is The time period Ta corresponds to a white holding state, 

different firom the transparent transfer type electropboretic The arrow in FIG. 43 shows a vector of an electric field in 

display device in whidi the dispeision solution is transparent the cell. Transfer of the charged particles 6 collected on the 

as the objects of foregoing Japanese Patent Laid-Open No. first display electrode 4 toward the second display electrode 

49^55§51ind"Japan^ Patent Application Publication No. 55 3 is suppressed by a step 22 proviBeii' lictwecn the first*" 

1CM)05727, and the present invention. display electrode 4 and the second display electrode 3. The 

Two constructions arc disclosed in Japanese Patent Pub- particles are stabilized by being compressed at the display 

Hcation No. 8-507154 with respect to the dSspositioo of the electrode side by applying a holding voltage Vc (-+250\0 

control electrodes. FIGS. 41A and 41B show cross sections applied between the first display electrode 4 and the control 

of the di^lay devices having the two constructions. In the 60 electrode 5a, thereby maintaining a white display state 

first construction, a control electrode Sa as a third electrode having a reflectivity (R) of about 70%. The addressing 

is provided at the second substrate side 2 of the in-plane voltage Vd (=5V) applied in the holding state serves for 

(transfer) type electrophoretic device (see FIG. 40A). In the suppressing the tendency of the charged particles in the 

second construction, a control electrode 13a is provided as vicinity of the step to be transferred toward the first display 

a third electrode between the fiist display electrode 4 at the 65 electrode in the black display state. 

first substrate 1 side and a second display electrode 3 (see An addressing voltage (Vd) of +50 V and a control voltage 

FIG. 41B). (Vc) of +50V arc applied during the writing period Tb. 
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Suppression of the charged particles by the coatrol voltage of the charged particles, in order to prevent the particles 

is released by setting the potential of the first display from being remained behind. 

electrode 4 to be the same as the potential of the control The efifect of the step for suppressing transfer of the 

electrode 5a, and all the charged particles 6 arc horizontally charged particles by the step becomes insuflScient since the 

transfcncd toward the second display electrode along the 5 step height is restricted. Consequently, a part of the charged 

display electrode face by jumping over the step, thereby particles are transferred by jumping over the step because 

rapidly reducing the reflectivity R. step height is low (FIG. 68q, when transfer of the 

The charged particles are compressed toward the display charged particles should be suppressed by^^^ 

electrode side during holding period Tc of the black state ""^^'^^^ Y*^/'"^^ addressmg voltage V d is apphed during 

J. , . , . ^ u /\T \ e ncnxr in the Selected penod. As a result, a CTOSs-talk phenomenon IS 

u^^^J u\.^^rV^ 7 T ^ /5 to a problem that the cUsplay contrast 

thereby holdmg the black display state havmg a reflectivity becomes poor (FIG. 70B) 

of about 5%. Although the charged particles can be suppressed to a 

The passive matrix addressing method disclosed in Japa- certain extent by sufficicndy increasing the control voltage 

nesc Patent Publication No. &-507154 will be then described Vc, an ill effect of increase of the applied voltage is caused, 

with reference to FIGS, 68Ato 68C, and FIGS. 69D to 69G. besides arising an another problem that electrons injeaed 

A in-planc (transfer) type elcctropborctic display device in into the insulation material in the elements by the applied 

which the pixels are arranged in a mxn matrix with a coluom high voltage is left behind after releasing the voltage, and the 

and row numbers of m and n, respectively. Signal electrode operation state of the charged particles turns out to be 

hnes (m) are aligned along the column direction, and scan- unstable by the unexpected electric field caused by the 

ning electrode Hues (n) arc aligned along the row direction residual charge. 

of the pixel array, respectively, so as to cross at right angles Another problem of the ill effect of restricted step height 

to one another. Each signal electrode line is connected to the is that the area difference between the first display electrode 

control electrode 5a of each pixel, and each scanning aod the second display electrode cannot be determined to be 

electrode line is connected to the first display electrode 4 ^ large due to insufficient step height. This is because the 

within each pixel at each crossing point. The second display ^5 charged particles overflow from the surface of the electrode 

electrode 3 is fixed to an earth potential as a common havinp smaUer surface area (HG. 70Q when one attempts 

electrode ^ collect the charged particles on the electrode having a 

^. ' „ . ^ , . , ^ „ J L n smaller surface area, by setting the area difference to be 

Fusdy all the ^arged parudcs 6 are collected on first ^ ^^^^^ ^ determined by the area 

d^playelcctrcKfc by appljong an addressmg volt^^^ ^ ^^^^ ^^^^^ display electrode and the second 

-SOVon aUthescannmg bnes.^ display electrode, the smaller surface area ratio results in a 

0VonaUtheagnalLnes(FIG.68A,ovcrallcrasc).'nien,the ^-^ contrast 

^T^^ ^^Z^ sequentially selected along the Moreover, restriction effect for transfer of the particles by 

ade fr)r wnting. An addi^mg ^^ep isonly effective to the direction from the k>wer side 

voltagp (Vd) of +50V IS amlied to the scaimmg lines during ^ ^ r*u * j*- r c .u j 

* \ J - J / T - _i .1 35 to the upper side of the step, and transfer from the upper side 

/v'w*^^?^^r^^r ^'."^ ^ ^ f to the lower side of the step is rather accelerated. 

(Vc)of+250VKappbed to the signal hne corresponding to Accordingly, writing is only possible toward one direction, 

selected pjxekTte charged panicles transfened toward addressing method /restricted to a unidirectional 

toe«roirf elccteode sule py clunCingup me step tor wnting ^ ^^^^ 

an overall reset process in which the charged 

^ « particles on the entire surfa« are at first coUected tolhe 

volta^(Vd) of +50V bc^^een the «^lay electrodes. Wluk |;^^^ Bidirectional writing is impossible, or 

an addr^mg voltage (vd) of +50V « apphed in the addressing for rewriting a part of the screen is also 

un-selected pixels, the charged particles are compressed * hi r 

toward the first display electrode by applying a control . ^ ^ ^ 

voltage (Vc) of +250V to prevent transfer (writing) of the ^\ ^ossib^ m the second construction to prevent bidi- 

charced particles (FIG 68C) rectional transfer of the charged parUcles during the selected 

j° ,\ . ' p cxr ' r J period, by applying a voltage between the display electrode 

An addressmg vohage (Vd) of +5V is apphed, on the control d«:tr^de for L un^ected pixels. It is also 

other hand^ to the scanmng fine dunng the un-sdected ^ ^^j^ 

penod^and a oontro voltage (Vc) of +50 V or -f 250V is ^^^^^ ^y setting the voltage between the display 

appUedUothesa^lhne(nGS^69Dto69G).md^^^^ 5, ^1^^,^^ Ld control electrode to zero for the sele^ed 

state does not change m either case since the diarged ^ ^ ^^^^ constitution 

particles are compressed onto the display electrode face by ^j^^^^^ ^ these caseT 

^^^"^^^ volta^. , , . , ^ However, the control electrodes only enables transfer 

WrUmgusir^ the passive ma^ ^^^^^ the.display electrodes, to be prevented, transfer. 

can be executed as d«^cribed above m the m-plane (transfer) 55 '^^^ ^^^^^^^ uncontroUable. 

type electrophoretic display device havmg no thresholds. Accordingly, the charged particles evenly distributed 

However, the m-plane (transfer) type electrophoretic dis- ^^^^^ display electrode transfers toward the direction 

play device disctosed in Japanese Patent PubHcalion No. ^^^^^^ ^y the control electrode by the control voltage 

8-507154 has mvolved the following problems. The prob- ^pp^^^j between the display electrode and control electrode 

kms will be described hereinafter with reference to nG, 70. 60 during the un-selected period As a result, the display contrast 

The step height is restricted to be not so high in the first remarkably decreased due to partial distribution of the 

construction. When the step height is too high, a part of the charged particles within the display electrode face as shown 

charged particles cannot climb over the step and remain at piGS. 71A and 71B. 

the bottom of the step when the charged particles are 

transferred during the selected period, thereby decreasing 65 SUMMARY OF THE INVENTION 

the display contrast (RG. 70A). The step hei^t should be Accordin^y, it is an object of the present invention for 

restricted to be approximately the same as the particle size solving the foregoing problems to provide an in-plane 
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(transfer) type electiopboretic display device and a niethod 
for addressing the display device, wherein occurrence of 
cross-talk is suppressed, a passive matrix addressing that 
enables a good display contrast to be obtained is made 
possible, and the control voltage required for holding the 
colored and charged charged particles is largely rediiced. 

Another object of the present invention is to provide an 
electrophoreiic di^lay device that realizes improvement of 
contrast, and a method for addressing the display device, 
wherein the ratio between the area of the first display 
electrode and the area of the second display electrode can be 
determined to be larger than that in the conventional display 
device. 

Another object of the present invention is to provide an 
electropboretic di^lay device, and a method for addressing 
the display device, wherein a bidirectional writing is pos- 
sible besides enabling rewrite of a part of the screen. 

The inventors of the present invention have found, as a 
result of analysis of the foregoing problems and intensive 
studies, that (a) the first and second constructions involve 
different sorts of problems to one another, and (b) the 
problem in one construction can be solved by introducing 
the construction of the counterpart. 

Accordingly, the present invention for solving the fore- 
going problems proposes an electropboretic display device 
having novel constructions to be described hereinafter, and 
a method for addressing the display devise. 

The present invention provides an electropboretic display 
device comprising a first substrate; a first display electrode 
and a second di^lay electrode disposed on the first sub- 
strate; a second substrate disposed in opposed relation to the 
first substrate; a voltage applying means for applying a 
desired voltage on each electrode; a transparent insulation 
liquid filled between the first substrate and the second 
substrate; and a plurality of colored and charged fine par- 
ticles dispersed in the insulation liquid; the display modes 
being switcbed by allowing the colored and charged par- 
ticles to transfer between the first and second display 
electrodes, wherein a first control-electrode disposed on the - 
second substrate, and a second control electrode disposed at 
the boundary between the first di^lay electrode and the 
second di^lay electrode on the first substrate, are provided 
as the electrodes for controlling transfer of the charged 
particles. 

Also, the present invention provides a method for 
addressing an clcctrophoictic di^lay device comprising a 
first substrate; a first display electrode and a second display 
electrode disposed on the first substrate; a second substrate 
to be disposed in opposed relation to the first substrate; 
means for applying a desired voltage on each electrode; a 
transparent insulation liquid filled between the first substrate 
and the second substrate; a plurality of colored and charged 
fine particles d^persed in the iiKsulation liquid; a barrier wall 
or a step disposed* at the boundary between the first display 
electrode and the second display electrode; a first control 
electrode di^)oscd on the second substrate as an electrode 
for controlling transfer of the charged particles; and a second 
control electrode disposed at the tip of the barrier wall or at 
the edge of the step on the first substrate, display modes 
being switcbed by allowing the colored and charged par- 
ticles to transfer between the first and second display 
electrode, wherein transfer of the charged particles com- 
prises a first process for allowing the charged particles to 
transfer from one of the display electrodes to the vicinity of 
the second control electrode, and a second process for 
allowing the charged particles to transfer from the second 
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control electrode to the other display electrode side by 
jumping over the barrier wall or the step. 

Preferably, the boundary between the first display elec- 
trode and the second display electrode comprises a barrier 
5 wall or a step, and the second control electrode is disposed 
at the tip of the barrier or at the edge of the step. 

Preferably, a shielding space in which the charged par- 
ticles are able to enter and exit and which is invisible to an 
observer of the screen is provided under the display elec- 
trode face adjoining to the step and located at the upper side 
of the step. 

Preferably, the voltage signal applied on the first display 
electrode and the second display electrode, and on the first 
control electrode and the second control electrode for allow- 
ing the charged particles to transfer between the display 
electrodes is a composite signal comprising a first period for 
allowing the migrating particles to transfer to the second 
control electrode, and a second period for allowing the 
migrating particles concentrated on the second control elec- 
trode to transfer to the objective display electrode. 

U is preferable that a voltage is applied to the first display 
electrode, second display electrode and control electrode so 
that the first process satisfies the relation of (the potential of 

2^ both display electrodes and the potential of the first control 
electrode) >(the potential of the control electrode), and the 
second process satisfies the relation of (the potential of the 
display electrode before transfer and the potential of the first 
control electrode)^(the potential of the second control 

30 electrode)>(the potential of the display electrode as a des- 
tination of transfer) for transfer of the positively charged 
particles, and the fiist process satisfies the relation of (the 
potential of both display electrodes and the potential of the 
first control electrode)<(the potential of the second control 

3^ electrode), and the second process satisfies the relation of 
(the potential of the display electrode before transfer and the 
potential of the first electrode)^ (the potential of the second 
control electrode)^ (the potential of the display electrode as 
a destination of transfer), for transfer of the negatively 

^ charged particles in order to.induce.transfer.of.the charged 
particles. 

Also, the present invention provides an electropboretic 
display device comprising a first substrate; a first display 
electrode and a second display electrode disposed on the first 
45 electrode; a second substrate disposed in opposed relation to 
the first substrate; a control electrode disposed on the second 
electrode; means for applying a desired voltage on each 
electrode; a tran^arent insulation liquid filled between the 
first substrate and the second substrate; and a plurality of 
50 colored and charged fine particles dispersed in the transpar- 
ent insulation liquid, di^lay modes being switched by 
allowing the colored and charged particles to horizontally 
transfer between the first and second display electrodes, 
wherein^ a barrier wall having a function fw almost 
55 prohibiting direct in-plane transfer of the charged par- 
ticles at least toward one direction between the first 
display electrode and the second display electrode is 
provided between the first display electrode and the 
second display electrode. 
60 Also, the present invention provides A method for 
addressing an electropboretic display device comprising a 
first substrate; a first display electrode and a second display 
electrode disposed on the first substrate; a second substrate 
disposed in opposed relation to the first substrate; a control 
65 electrode disposed on the second electrode; means for 
applying a desired voltage on each electrode; a transparent 
insulation liquid filled between d^e first substrate and the 
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second substrate; a plurality of colored and charged fine 
particles dispersed in the insulation liquid; and a barrier wall 
disposed between the first di^lay electrode and the second 
display electrode and having a function for almost prohib- 
iting direct in-plane transfer of the charged particles at least 
toward one direction between the first display electrode and 
the second display electrode, display modes being switched 
by allowing the colored and charged particles to transfer 
between the first and second display electrodes using the 
control electrode, wherein the method for transferring the 
charged particles toward the direction almost prohibited by 
the barrier wall is carried out by an indirect transfer com- 
prising a first process for allowing the charged particles to 
transfer firom one of the display electrodes to the control 
electrode side and, succeeding the first process, a second 
process for allowing the charged particles to transfer fiom 
the control electrode side to the other display electrode side 
by jumping over the barrier wall in-plane transfer 

Preferably, the barrier wall protrudes out of at least one 
face of the first display electrode face and the second display 
electrode face, and is constructed of a geometrical step 
having a height several to several tens times as large as the 
particle size of the charged particles. 

Preferably, the barrier waU is a charged assembly apply- 
ing an electrostatic repulsion force to the charged particles. 

Preferably, the barrier wall is also a charged assembly 
applying an electrostatic repulsion force to the chaigcd 
particles. 

It is preferable that a shielding space in which the charged 
particles are able to enter and exit and which is invisible to 
an c^>server of the screen is provided under the display 
electrode face adjoining to the step and located at the upper 
side of either the first di^lay electrode or the second display 
electrode. 

It is also preferable that a voltage is applied to the first 
display electrode, second display electrode and control elec- 
trode so that transfer of the positively charged particles 
involves the period satisfying the relation of (the potential of 
the display electrode that is not a destination of transfer)^ 
(the potential of the control electrode)>(the potential of the 
display electrode as a destination of transfer), and transfer of 
the negatively charged particles involves the period satisfy- 
ing the relation of (the potential of the display electrode tt:^t 
is not a destination of tcansfer)^(tbe potential of the control 
electrode)<(tbe potential of the display electrode as a des- 
tination of transfer), in order to induce traisfer of the 
charged partides^ 

Also, the present invention provides an elcctiopborctic 
display device comprising a first substrate; a first display 
electrode and a second display electrode disposed on the first 
substrate; a second substrate disposed in opposed relation to 
the first substrate; means for applying a deared voltage on 
each electrode; a transparent insulation liquid filled between 
the first substrate and the second substrate; and a plurality of 
colored and charged fine particle^ dispersed m the transpar- 
ent insulation electrode, display modes being switched by 
allowing the colored and charged particles between the first 
and second display electrodes, wherein a control electrode is 
disposed between the first di^lay electrode and the second 
display electrode on the first substrate, and the space 
between the upper face of the control electrode and the 
surface of the first substrate is larger than the spaces between 
the upper face of the first display electrode and the surface 
of the first substrate, and between the upper fece of the 
second display electrode and the surface of the first sub- 
strate. 

Also, the present invention provides a method for 
addressing an electrophoietic display device cocnprising a 
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first substrate; a first display electrode and a second display 
electrode disposed on the first substrate; a second substrate 
disposed in opposed relation to the first substrate; a means 
for applying a desired voltage on each electrode; a trans- 
5 parent insulation liquid filled between the first substrate and 
the second substrate; a plurality of colored and charged fine 
particles dispersed in the insulation liquid; a barrier wall or 
a step disposed at the boundary between the first display 
electrode and the second display electrode; and a control 
10 electrode disposed above the structural barrier wall, display 
modes being swiidied by allowing the colored and charged 
particles to transfer between the first and second display 
electrode, besides being able to control transfer of the 
colored and charged particles by a synergetic effect between 
IS a physical barrier effect by the structural wall and an 
electrical barrier effect by the control electrode, wherein 
transfer of the charged particles comprises a first process for 
allowing the charged particles to transfer from one of the 
display electrodes to the vicinity of the second control 
20 electrode and, succeeding the first process, a second process 
for allowing the charged particles to transfer from the second 
control electrode to the other display electrode side by 
jumping over the barrier wall or the step. 

More practically, a structural barrier wall comprising a 
25 wall structure or a step structure is disposed at the boundary 
between the first display electrode and the second display 
electrode on the first substrate, and the control electrode is 
disposed above the structural barrier wall. 

The Preferable construction comprises a shielding space 
30 In which the charged particles are able to enter and exit and 
which is invisible to an observer of the screen provided 
under the display electrode face adjoining to the step and 
located at the upper side of the step. 

More practicaUy, a voltage is applied to the first display 
35 electrode, the second di^lay electrode and control electrode 
so that the periods satisfying the relation of (the potential of 
the display electrode that is not a destination of transfer)^ 
(the potential of the control electrode)>(the potential of the 
display electrode as a destination of transfer) in transfer of 
-40 -the positively charged particles, and satisfying the relation of- - 
(the potential of the display electrode that is not a destination 
of trai]sfer)<(the potential of the display electrode as a 
destination of transfer) in transfer of the negatively charged 
particles are involved in order to induce transfer of the 
45 charged electrode; and so that the first process satisfies the 
relation of (the potential of both display elcctrDdes)>(the 
potential of the control electrode), and the second process 
satisfies the relation of (the potential of the display electrode 
before transfer)>(the potential of the display electrode as the 
50 destination of transfer) in transfer of the positively charged 
particles, and the first process satisfies the relation of (the 
potential of both electrodes)<(the potential of the control 
electrode), and the second process satisfies the relation of 
(the potential of the display electrode before tratKfer)^(the 
55 potential of the control electrode)<(the potential of the 
display electrode as a destination of transfer) in transfer of 
the negatively charged particles, in order to induce transfer 
of the charged particles comprising the two processes. 
Further objects, features and advantages of the present 
60 invention will become apparent from the following descrip- 
tions of the preferred embodiments with reference to the 
attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross section showing a representative example 
of one example of the display device according to the 
prcseot invention; 



03/17/2004, EAST Version: 1.4.1 



us 6,639^80 Bl 

11 12 

FIG. 2Ais a plane view showing a representative example FIG. 15A shows an addressing time chart executed in 

of one example of the display device according to the Example 1 according to the present invention; 

present invention; FIG. 15B shows a display pattern in Example 1 according 

FIG. 2B is another plane view showing a representative to the present invention; 

exampleofoneexampleof the di^lay device according to 5 ^j^^^ ^ ^^^^ construction of a 3x3 matrix 

the present invention; prepared in Example 2 according to the present invention; 

FIG. 3A shows one example of the passive matrix piG. 17A shows an addressing time chart executed in 

addressing method of the di^lay device according to the Example 2 according to the present invention; 

present invention; Pjq ^^^^ ^ j^pl^^ p^^j^^ ^ Example 2 according 

FIG. 3B shows one ample of the passive matrix address- to the present invention; 

ing method of the display device according to the present ^0 shows a cross'section of a representative example 

mventLon; di^lay device according to the present invention; 

HG. 3C shows one example of the passive matrix 2IA is a plane view showing a representaUve 

addressmg method of the di^lay device according to the 15 example of the display device according to the present 

present mvention; invention; 

FIG. 4D shows another part ofthc passive matrix address- 2IB is a plane view showing a representative 

ing method of the display device shown in FIG. 3A to FIG. example of the display device according to the present 

invention; 

FIG. 4E shows another part of the passive matrix address- 20 FIG. 22 shows one example of the addressing method and 

ing method of the display device shown in FIG. 3A to FIG. operation state of the display device according to the present 

invention; 

FIG. 4F shows another part of the passive matrix address- piG. 23 shows another part of the addressing method and 

ing method of the display device shown in FIG. 3A to FIG. ^ operation state of the di^lay device shown in FIG. 22; 

FIG. 24 shows another example of the addressing method 

FIG. 4G shows another part of the passive matrix address- and operation state of the display device according to the 

ing method of the display device shown in FIG. 3A to FIG. present invention; 

FIG. 25 shows another part of the addressing method and 

FIG. 5 is a cross section showing another example of the 3Q operation state of the di^lay device shown in FIG. 24; 

display device according to the present invention; pj^ 26A shows one example of the passive matrix 

FIG. 6 shows one example or the addressing method and addressing method of the display device according to the 

operation state of the display device according to the present present invention; 

invention; pjG. 26B shows one Ample of the passive matrix address- 

FIG. 7 shows another part of the addressing method and 35 method of the display device according to the present 

operation state shown in FIG. 6; invention; 

FIG. 8A shows another example of the passive matrix FIG. 26C shows one ample of the passive matrix address- 
driving method of the display device according to the ing method of the display device according to the present 
present invention; invention; 
' FIG.'SB shows another ample of the passive matrix " FiG/27D shov^ anoliiM part of the passive matrix 
driving method of the display device according to the addressing method of the display device shown in FIGS, 
present invention; 26A to 26C; 

FIG. S>C shows another part of the passive matrix driving FIG. 27E shows another part of the passive matrix 

method of the di^lay device shown in FIGS. 8A and addressing method of the display device shown in FIGS. 

FIG. 9D shows acK)ther part of the passive matrix driving 26A to 26C; 

method of the di^Iay device shown in FIGS. 8A and 8B; FIG. 27F shows another part of the passive matrix 

FIG. lOE^ows another part of the passive matrix driving addressing method of the display device shown in FIGS, 

method of the display device shown in FIGS. 8A and FIG. 26A to 26C; 

8B; 50 FIG. 27G shows another part of the passive matrix 

FIG. lOF shows another part of the passive matrix driving addressing method of the display device shown in FIGS, 

method of the di^lay device shown in FIGS. 8A and 8B; 26A to 26C; 

FIG. IIA is a cross section showing another example of FIG. 28A shows a cross section of another example of the 

the^display device according to the pr^nt invention; , , display device according to the present invention; 

FIG. IIB is a cross section showing another example of FIG. 28B shows a cross section of another example of the 

the display device according to the present invention; display device according to the present invention; 

FIG. 12A is a cross section showing another example of FIG. 29 shows a cross section of another example of the 

the di^lay device according to the present invention; display device according to the present invention; 

FIG. 12B is a cross section showing another example of ^ FIG. 30 shows a cross section of another example of the 

the display device according to the present invention; display device according to the present invention; 

FIG. 13A is a cross section showing another example of FIG. 31A shows a cross section of another example of the 

the display device according to the present invention; display device according to the present invention; 

FIG. 13B is a cross section showing another example of FIG. 31B shows a cross section of another example of the 

the di;^lay device according to the present invention; 55 display device according to the present invention; 

FIG. 14 shows a plane construction of a 3x3 matrix FIG. 32A shows a cross section of another example of the 

prepared in Example 1 according to the present invention; display device according to the present invention; 
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FIG. 32B shows a cross section ofanolher example of the FIG. 47F shows another part of the passive matrix 

display device according to the present invention; addressing method of the display device shown in HGS. 

FIG. 33A shows a cross section of another example of the 46A to 46C; 

display device according to the present invention; pjc. 47G shows another part of the passive matrix 

FIG. 33B shows a cross section ofanolher example of the 5 addressing method of the display device shown in HGS. 

display device according to the present invention; 45A to 46C; 

FIG. 34 shows a plane construction of a 3x3 matrix pj^ 4^^^^ ^^^^ another representative example of the 

prepared in Example 3 according to the present mvention; passive matrix addressing method of the display device 

FIG. 35A shows an addressing times chart executed in according to the present invention; 

Example 3 according to the present invention; 10 ^^^^ ^^^^^ representative example of the 

FIG- 35B shows a display pattern m Example 3 according ^^33^^^ ^^^^ addressing method of the display device 

to the present invention; according to the present invention; 

FIG. 36 shows a plane construction of a 3x3 matrix ^^^^ ^^^^^ representative example of the 

prepared in Example 4 according to the present mvention ^^-^^ ^^j^x addressing method of the display device 

FIG. 37A shows an addressmg time chart executed in according to the present invention; 

Example 4 according to the present invention; ^^^^ ^^^^^ p^j^^ ^^^^x 

FIG. 378 shows a display pattern m Example 4 according addressing method of the display device shown in RGS. 

to the present invention; 4gQ. 

FIG. 40 is a cross section showing a representative ^ ^j^^^ ^^^^^^ p^-^^ 

example of the display device according to the present addressing method of the display device shown in FIGS. 

^y^^^^on; 48Ato46C; 

FIG 41A is a pUne view showing a reprcsentaUve ^^^^ ^^^^^ ^ ^^^^ 

example of the display device according to the present ^^^dressing method of the display device shown in FIGS. 

25 4«Ato48C; 

^^i t l,^^'^;;''^^ ^ reprcsentauve ^^^^ ^^^^^ .^^ ^^^^ 

example of the display device accordmg to the present ^^^ressing method of the display device shown in RGS. 
mvenUon; 

^^^^f^'^^^'^P'^'^'^f^^^^ FIG. 50 'shows another representative example of the 
method and operaUon state of the display device according 30 addressing method and operation state of the display device 

to the present invention; * *u *• 

^ . . accordmg to the present invention; 

FIG. 43 shows another part of the addressmg method and ___ J! , _ r,. • j j 

operation sUte of Ihe display device shown in FIG. 42; "G; ^^f^^^T " I a '^'^'^^ 

- ... . . 1 r *u * Operation state of the display device shown m FIG. 5(h 

FIG. 44A shows a representative example of the passive ^ ^ . , i. . 

matrix addressing method of the display device according to 35 52A shows an another representatve example of the 

the present invention- P^^^ addressmg method of the display device 

FIG. 44B shows a representative example of the passive ^"^^^^ . , ^ ^ 

matrix addressing method of the display device according to 52B shows another repre^ntative example of the 

the present invention; P^^^ ^^^"^ addressmg method of the display device 

RG. 45C shows another-part'of"^^^ 

addressing method of the display device shown in FIGS. P^G. 53D shows another part of the passive matrix 

44A and 448 addressing method of the display device shown in FIGS. 

FIG. 45D shows another part erf the passive matrix ^ 

addressing method of the display device shown in FIGS. 53E shows another part of the passive matrix 

44A and 44B addressing method of the display device shown in FIGS. 

FIG, 45E shows an another part of the pasave matrix ^^^^ 

addressing method of the display device shown in RGS. PIG. 54F shows another part of the passive matrix 

44A and 44B- addressing method of the display device shown in FIGS. 

FIG. 45F shows an another part of the passive matrix ^^^'> 

adrW^T^g method of the display device shown in FIGS. 54G shows another part of the passive matrix 

44A and 44B- addressing method of the display device shown in HGS. 

FIG. 46A shows another represenutive example of the ^^^^ 

passive matrix addressing method of the display device 55A shows another representative example of the 

according to the present invention; " ^ ' ^ display device according to the present invention; w . 

FIG. 46B shows another represenutive example of the FIG. 55B shows another representative example of the 

passive matrix addressing method of the dispUy device display device according to the present invention; 

according to the present invention; FIG. 56 A shows another representative example of the 

FIG. 46C shows another representative example of the display device according to the present invention; 
passive matrix addressing method of the display device gg FIG. 56B shows another representative example of the 

according to the present invention; display device according to the present invention; 

FIG. 47D shows another part of the passive matrix RG. 57 shows another representative example of the 

addressing method of the display device shown in FIGS. display device according to the present invention; 

46A to 46Q RG. 58 shows a plane construction of a 3x3 matrix 

FIG. 47E shows another part of the passive matrix 6S prepared in Example 5 according to the present invention; 

addrcssiiig method of the display device shown in FIGS. FIG. 59A shows an addressing time chart executed in 

46A to 46Q Example 5 according to the present invention; 
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FIG. 59B shows a display pattern in Example 5 according 
to the present invention; 

FIG. 60 shows a plane construction of a 3x3 matrix 
prepared in Example 6 according to the present invention; 

FIG. 61A shows an addressing time chart executed in 
Example 6 according to the present invention; 

FIG. 61B ^ows a display pattern in Example 6 according 
the present invention; 

FIG. 62 A shows an addressing time chart executed in 
example 7 according to the present invention; 

FIG. 62B shows a di^lay pattern in Example 7 according 
to the present invention; 

FIG. 63 shows a plane construction of a 3x3 matrix 
prepared in Comparative Example 3; 

FIG. 64A shows an addressing time chart executed in 
Comparative Example 3; 

FIG. 64B shows a display chart in Comparative Example 

3; 

FIG. 65A shows a cross section of the conventional 
display device; 

FIG. 65B ^ows a cross section of the conventional 
display device; 

FIG. 66 shows an addressing method and operation state 
of the conventional di^lay device; 

FIG. 67 shows another part of an addressing method and 
operation state of the conventional display device shown in 
HGS. 47D to 47G; 

FIG. 68A shows a passive matrix addressing method of 
the conventional display device; 

FIG. 68B shows a passive matrix addressing method of 
the conventional di^lay device; 

FIG. 68C shows a passive matrix addressing method of 
the conventional di^lay device; 

FIG. 69D shows a passive matrix addressing method of 
the display device shown in FIG. 43; 

FIG. 69E shows a passive matrix addressing method of 
the disphiy device shown in FIG. 43; ~ 

FIG. 69F shows a passive matrix addressing method of 
the display device shown in FIG. 43; 

FIG. 69G shows a passive matrix addressing method of 
the di^lay device shown in FIG. 43; 

FIG. 70A shows a problem of the conventional display 
device; 

FIG. 70B shows a problem of the conventional display 
device; 

FIG. 70C shows a problem of the conventional display 
device; 

FIG. 71A shows amthcr problem of the conventional 
display device; and 

" FIG. TIB shows' another problem' of the* conventibnal 
display device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 
(Basic Construction and Operation of Representative 
Embodiment) 

FIG. 1 is a cross section showing a representative example 
of the display device according to tbo present invention. A 
construction comprising two pixels is shown in FIG. 1 for 
the convenience of explanation. The first di^Iay electrode 4 
and the second display electrode 3 are disposed on the first 
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substrate 1, and the second substrate 2 is disposed in 
opposed relation to the first substrate via a dividing wall 10. 
The remarkable feature of die construction of the present 
invention is to provide two control electrodes. The first 

5 control electrode 5 is disposed on the second substrate, and 
the second control electrode 13 is disposed at the boundary 
between the first display electrode 4 and the second display 
electrode 3 on the first substrate. A Voltage can be indepen- 
dently applied on each control electrode. The transparent 
insulation liquid 7 is filled in the space (an area where 
particles, or charged particles, are accommodated by being 
sandwiched between the substrates) formed by both sub- 
strates and the dividing wall, and colored and charged 
particles 6 are dispersed in tbe transparent insulation liquid. 
The reference numeral 20 denotes an addressing driver. 

The plane configuration of the display electrode is not 
particularly limited, but representative stripe shape (FIG. 
2A) as weU as any shapes such as a rectangle (FIG. 2B) and 
a closed loop such as a circle may be used. The second 
control electrode 13 is formed at tbe boundary area between 

20 the first display electrode 4 and the second display electrode 
3, irrespective of the shape of the display electrodes. 

In tbe construction shown in FIG. 1, tbe particle size of 
the charged particles of 5 /on, the distance between the first 
substrate and the second substrate of 70 /on, and the area 

25 ratios of the first display electrode, the second display 
electrode and the second control electrode of about 25%, 
70% and 5%, respectively, arc suitable relative to the pixel 
size of 100 ^xlOO pan. 
Any combinations of colors are possible for the consti- 

30 tution members of the cell. For example, switching of 
display between the white state and the black state is 
possible in the combination of the black charged particles 6, 
black first display electrode 4, white second display elec- 
trode 3, white second control electrode 13 and transparent 

35 first control electrode 5. Colored display is also possible by 
aligning RGB colors of the second display electrode 3 and 
second control electrode 13, 

Features of the present invention will be described here- 
inafter by means of the explanation of the passive matrix 

40' addressing method in the constitution of tbe present inven- 
tion. 

The diarged particles 6 are negatively charged, wbile an 
addressing voltage Vdl is applied to the first di^lay elec- 
trode 4, an addressing voltage VD2 is allied to the second 

45 display electrode 3, a control voltage Vcl is applied to the 
first control electrode 5 and a control voltage Vc2 is applied 
to the second control voltage 13 in the description herein- 
after. The arrow in the drawing denoted approximate direc- 
tions of electric field vectors in the cell. 

50 An in-plane (transfer) type electrophoretic display device 
comprising a mxn matrix with m rows along the x-direction 
and n coluoms along the Y-directioo will be consider&d. 
Signal lines (m) along the raw direction and signal lines (o) 
along the column directions are aligned to ^ perpendicular 

55 to "one another forming' a pixel arrangement. The signal 
electrode line is connected to the control electrodes of each 
pixel, the first scanning line is connected to the first display 
electrode in each pixel, and the second scanning line is 
connected to the second display electrode in each pixel. 

60 At first, all the charged particles 6 are collected on the first 
display electrode 4 by applying a voltage of Fdl (-50V) on 
the first display electrode, a voltage of Vd2 (OV) on the first 
control electrode and a voltage of Vc2 (OV) on the second 
control electrode to reset the entire screen into while state 

65 (FIG. 3A)- 

Then, The scanning lines are sequentially selected from 
above for writing. A voltage of Fdl (+50V) and a voltage of 
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Vd2 (OV) are applied to the first and second scanning lines, (transfer) type electrophoretic display device according to 

respectively, during the selected period, followed by apply- the present invention. 

ing a voltage of Vcl (+60V) to the first signal line and a (Construction and Operation of Other Representative 

voltage of Vc2(50V) to the second signal line corresponding Embodiment) 

to the selected pixel to be switched into a black state display 5 p]G. 5 shows a cross section of another representative 

(FIG. 3B) while allowing an addressing bias to generate construction of the present invention. FIG. 5 shows a 

between the display electrode. The charged particles 6 are construction comprising two pixels for the convenience of 

transferred to the second display electrode foUowing the explanations. The first and second display electrodes are 

addresang bias as m the «)nventional example (FIGJ71B) ^^^^^ ^^^^ ^^^^^^^ 2 is 

by making the potential of the s^^^^ ^ ^ ^^^^^^^ ^^^^^^ ^.^ ^ 

to be equal to the potential of the first display electrode 4. *: |ir .ii.jc r ^ 

WhileVvoltage of Vcl (+60V)by +10V larger than Vdl and ^^^^^"^S wall 10, ^d the first ^ntrol electrode 5 is formed 

Vd2isappUedtothefirstc»ntrol electrode for holdingintbe ^° ^^^^^^^ ^ m FIG. 5A barrier waU 11 ^ a 

un-selected lines, this control bias (+10V) only provide a ^^^^^ conslruaion is disposed between the first 

Uttlc influence on transfer of the charged particles by the ^^^play electrode 4 and the second display electrode 3, and 

addressing bias. second control electrode is placed at the tip of the barrier 

A volUge of Vcl (+120V) is applied to the first signal line wall 11. A transparent insulation liquid 7 is filled in the space 
and a voltage of Vc2 (+70V) is applied to the second signal formed by both substrates and the dividing wall, and the 
line corre^ndiDg to the un-sclectcd pixel. Since Vdl is colored and charged particles 6 are dispersed in the trans- 
smaller than Vc2, the charged particles 6 do not experience parent insulation liquid 7. Colors of the cell constituting 
an addressing bias that causes transfer to the second display 20 members are the same as described in FIG. 1. 
electrode, whic^ has been a problem in the first construction A remarkable feature in this embodiment comprises the 
of J^anese Patent Publication No. 8-507154. While the barrier wall 11 having a height several to several tens times, 
charged particles 6 tend to be transferred toward the direc- preferably 3 to 10 times, as large as the particle size of the 
tion remote from the second control electrode by applying a charged particles. Providing a sufGdently high barrier wall 
bias (Vdl-Vc2=-20V), on the rantrary, as has been a 25 permits direct transfer of the charged particles 6 along the 
problem in the second construction of Japanese Patent electrode face to be almost prohibited. Since the charged 
Publication No. 8-507154, the white state display can be particles can be retained by the high barrier wall without 
securely maintained with no transfer of the charged particles overflow even when the display electrode has a small 
6 in the present invention, because an electric field vector surface area, a large difference in the surface area can be 
component is generated to compress the particles toward the 30 given between the first and second display electrodes, 
display electrode face by applying a voltage of Vcl (•I-120V) enabling display contrast to be largely improved, 
to the first control electrode. The particle size of the charged particles is desirably 0.1 

The voltages of Vdl and Vd2 (+50V each) are applied to to 20 pmi, preferably 0.5 to 10 /mi. 

the first and second scanning lines, respectively, during the While a larger area ratio between the first display elec- 

un-selected period. The voltages of Vcl (-^60V) and Vc2 as trode 4 and second display electrode 3 is desirable, it is also 

(+50V) arc applied to the first and second signal lines, required that all the charged particles in all the pixels are 

respectively, corresponding to the selected pixel (FIGS. 4D housed in the space surrounded by the display electrode 

and 4F). The display state is maintained by gently com- having the smaller area (the first display electrode 4 in FIG. 

pressing the charged particles 6 onto the display electrode 5), the barrier wall 11 and the dividing wall 10. Accordingly, 

face by a control-bias generated between the first control 40 -the area ratio-and display contrast- can be made-high as-the** 

electrode 5 and eadi electrode between the first substrate. barrier wall 11 is higher. 

M>ltages of Vcl (4-120V) and Vc2 (4>70V) are ^yphed to Advantageous examples of the sizes of the constitution in 

the first and second signal lines, respectively, corresponding FIG. 5 comprise the particle size of the charged particles of 

to the uQ-selected pixel line (FIGS. 4£ and 4G). While the 5 /mi, the distance between the first and second substrates of 

charged partidcs 6 tend to transfer toward the direction 45 80 /on, the height of the barrier wall of 40 /on, as well as the 

remote firom the second control electrode on each display area ratios of the first display electrode of 15%, second 

electrode by applying a bias (Vdl-Vd2=-20V) as in FIG. display electrode of 80% and barrier wall of 5% against the 

3C, the charged particles 6 do not transfer to maintain stable total pixel area ratio, relative to the pixel size of lOO/^nxlOO 

display state, since an electric field vector component for /mi. 

compressing the particles onto the display electrode face is 50 The writing operation as a remarkable feature of the 

generated by applying a voltage of Vcl (+120V) on the first addressing method according to the present invention will be 

control electrode in the present invention. then described with reference to FIGS 6 and 7. FIG. 6 shows 

The different kind of problems involved in the first and the operation state of the charged particles in each process, 

second constructions disclosed in J^anese Patent ftibKca- jaml FIG. T^shows the applied pulse and reflectivity for every 

tion No. 8-507154 with respect to the display holding 55 process, the cell construction is the same as shown in FIG. 

operation of the un-sclectcd pixels are effectively solved in 5 (one pixel). 

the present invention, by introducing two control electrodes The charged particles 6 are positively charged in the 

ofi^t to one another. following descriptions, and an addressing voltage Vdl is 

It is made possd)le in the present invention to largely applied on the first display electrode 4, an addressing voltage 

reduce the control voltage required for holding the charged 60 Vd2 is applied on the second display electrode 3, a control 

partides. While a control voltage Vc of +250V has been voltage Vcl is applied on the first control electrode 5, and a 

insufficient in the first construction of Japanese Patent control voltage Vc2 is applied on the second control elec- 

Publication No. 8-507154, a sufficient effect can be exhib- trade 13. 

ited with control voltages of Vcl(+120V) and VdZ (+70 V) The period Ta means a white holding state. The arrow in 

in this embodimoit 65 FIG. 6 shows approximate electric field vectors. All the 

The passive matrix addressing enables a high contrast charged particles 6 are housed in a ^ace surrouixled by the 

display to be achieved with do cross-talk in the in-plane first display electrode 4, barrier wall 11 and dividing wall 10, 
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and are compressed toward the display electrode side by the applied on the first signal line and a voltage of Vd2 (OV/OV) 

hold voltage applied between the first display electrode 4 is applied on the second signal line as black state writing 

and the first control electrode 5, thereby the while display signals as in the selected period (FIGS. 9C and 9D). A 

slate with a reflectivity of about 85% is securely maintained. voltage of Vdl (OV/OV) and a voltage of Vdl (0V/+100V) 

Since direct in-plane transfer of the charged particles 5 arc applied on the first and second signal lines, respectively, 

toward the second display electrode side 3 is almost entirely as white state writing signals (FIGS. lOE and lOF). Display 

prohibited by the barrier wall 11, the control voltage for state of the charged particles 6 are securely retained by the 

prohibiting transfer of the diarged particles and maintaining holding voltage as a bias between the first control electrode 

the display state can be largely reduced as compared with and each display electrode, 

that in Japanese Patent Publicalion No. 8-507154. lO (Variation of Construction) 

Writing is carried out at the period of Tbl and Tb2 Zero The construction of the present invention is not restricted 
volt of Vdl, Vd2 and Vcl, and -50V of Vc2 are applied at to the type shown in FIG. 1. Effective constructions in the 
the period of Tbl at first to allow all the charged particles 6 present invention will be sequentially described with refer- 
to transfer toward the second control electrode disposed at cnce to the drawings. 

the lip of the barrier wall 11. 15 FIG. IIA shows a type having a step as a barrier wall. The 

Then, +100V of Vdl and Vd2. +50V of Vc2 and OV of second control electrode is placed at the edge of the step. 

Vd2 are applied at the period of Tb2, to allow the diarged While the addressing method is the same as that in FIG. 5, 

particles 6 collected on the second control electrode at the writing is restricted to one direction. The height of the step 

period of Tbl to transfer to the second display electrode. 12 is several to several tens times, actually 3 to 10 times, as 

Since a bias voltage of ■I-50V relative to the second control 20 large as the particle size of the charged particles, and 

electrode is applied to the first display electrode 4, all the in-plane transfer of the charged particles are almost totally 

charged partides 6 are transferred toward the second display prohibited. The step in this embodiment differs from the step 

electrode side by jumping over the barrier wall 11 without disclosed in Japanese Patent Publication No. 8-507154 in its 

retujuing back to the first display electrode, rapidly reducing height and function. 

the reflectivity R. 25 FIG. IIB shows a variation of FIG. 5, in which the second 

The period Tc corresponds to a black display holding display electrode 3 having a larger area is disposed at a 

state. The charged particles 6 transferred toward the second higher position than the first display electrode 4. In the 

display electrode side are compressed onto the display perspective view of the display electrode in the construction 

electrode side by the holding voltage applied between the in FIG. 5, an area where the barrier wall U interferes the 

second display electrode 3 and first control electrode 5, 30 field of vision appears on the face of the display electrode, 

securely maintaining the black display stale with a re flee- This interference is particularly evident on the second dis- 

tivity of about 10%. play electrode face 3 where the distance between the tip of 

Subsequently, the passive matrix addressing method in the barrier wall U on which the second control electrode is 

this embodiment is described with reference to FIGS. 8 to disposed, and the top end of the fill-up face of charged 

10. An in-plane (transfer) type eledrophoEetic display as particles 6 is large, thereby view angle characteristics of the 

device with a mxn matrix as in FIGS. 3 and 4 will be screen are slightly affected even when the barrier wall 11 and 

considered. While the scanning tines were connected to the the second control electrode are made of a transparent 

display electrode, the signal Lines were coimectcd to the material, however, it is possible to ahgn the distance 

control electrode, the overall screen was initially reset, and between the top end of the fill-up face in the second display 

writing in each line was carried out toward one- direction- in 40 electrode face and the tip of the- barrier wall to the*same — 

FIGS. 3 and 4, the first scanning line is connected to the first extent in the first di^lay electrode, by disposing the second 

control electrode, the second scannir^ line is connected to display electrode face 3 having a larger area to be higher 

the second control electrode, the first signal hne is connected than the first display electrode face 4. This construction also 

to the first display electrode, and the second signal line is e^diibits an effect for making the degree of difficulty of 

connected to the second display line in this embodiment, and 45 transfer of the charged particles 6, located at the uppermost 

writing in each line is bidircctionally carried out No inidal surface of the first display electrode face 4 and the second 

reset is required in this case. display electrode face 3, toward the horizontal direction 

The scarming lines arc sequentially selected &om above equal 

along the Y-direction, and white state or black state signal A variation of the step type display device shown in FIG. 

voltage are applied in accordance with dtisplay data for so llA is shown in FIG. 12. The fill-up volume of the charged 

writing. particles on the first display electrode face is increased 

A voluge of Vcl (OV at TblZ+lOOV at Tb2) is applied on beside apparently increasing the effective area ratio between 

the first scanning tine, and a voltage of Vc2 (-50V/4-50V) is the first display electrode 4 and the second display electrode 

applied on the second scamuiig line a the selected period. 3 to improve the display contrast, by forming a shield space 

\foltages'of Vdl (6V/10bV) and'Vda (6V/6V) are simulta- ss 15 that is invisible from'an oteerver of the display face on 

neously applied on the first and second signal lines, the step wall under the second display electrode face 3 

respectively, corresponding to the pixels for blade state located at the upper side ofthe step. The shield space 15 may 

writing (FIG.8A). Voltagps of Vdl (OV/OV) and Vd2 (0V/+ be formed, for example, by an inverse-taper shape (FIG. 

lOOV) are also applied on the first and second signal lines, 12A) or an overhang shape (FIG. 12B) of the cross section 

respectively, corresponding to the pixels for white state 60 of the step. 

writing (FIG. 8A). Descrq)tion of the writing operation is While a construction in which a pair of the first display 

omitted since it has been already explained in FIGS. 6 and electrode and the second display electrode is disposed in one 

7. pixel has been described for the convenience of explanation, 

A voltage of Vcl (+50V/+150V) is applied on the first the number of the electrodes is not particularly restricted in 

scanning Ike and a voltage Vc2 (0V/+100V) is applied on 65 the present invention, but disposing a plurality of the display 

the second scanning line at the uiHsclectcd period. With electrodes is naturally possible. FIGS. 13 A and 13B show 

respect to the signal lines, a voltage of Vdl (0V/+100V) is constructions in which two pairs of the electrodes arc 
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disposed in one pixel. FIG, 13A shows the type in FIG. 1, After forming an adhesive layer on the bonding face 

and FIG. 13B shows the type in FIG. 5. The second control between the first substrate 1 and second substrate 2, they are 

electrode and the barrier wall are fonned at every boundary positioned and bonded by heating. A voltage applying 

between the first display electrode and the second display device is connected to this assenibly to complete the display 

electrode in both cases. 5 device. 

(Material and Manufacturing Method of Constituting The manufacturing method of the construction having the 

Members) step or barrier wall as shown in FIGS. 5, 11 and 12 will be 

The manufacturing method of the display device in this supplemented hereinafter. The barrier wall 11 or step 12 is 

embodiment will be described hereinafter with reference to formed after forming the display electrodes and insulation 

FIG. 1. layer on the first substrate. The barrier wall or the step may 

At first, the first display electrode 4 and the second display be fonned using the same material and method as used in 

electrode 3 are formed and patterned on the first substrate 1. forming the dividing wall, though the second control elec- 

The first control electrode 5 is similarly formed and pat- trade 13 and the second display electrode 3 should be 

temed on the second substrate 2. Polymer films such as formed at the tip of the barrier wall or on the upper face of 

polyethylene terephthalate (PET} and poly ethersulf one jjjg gjgp 

(PES) films, or inorganic materials such as a glass or quartz 15 example, the barrier wall may be formed by pattern- 
are used as the matenals of the substrate. Any conductive ^ ^^^^ sequentially forming a thick 
material capable ofpatteinmg may be used as the materia ^^^^^ ^^^^ ^ ^^^^ 
for the display cfccfrodc, and a tran^cnl electrode aich as ^j^^^ ^ ^^^^ ^^^^ ^^^^ ^^^j^^^ 
mdium tin oxide (ITO) is used for the matenal for the first . , . , . - * * u- *u f *u 
control electrode 20 ^ sequential dry etchmg or wet etchmg of the film for the 

"^An iiLlation layer is then formed on the display elec- f 

trodc. A thin film material hardly generating pin holes and ^^^P^^y ^1^*™^*=^ f ^"""^^^ 

having a low dielectric constant is preferable for the material P^^turc deposition of ITO by a magnetron sputtering 

of the insulation layer inchiding, for example, an amorphous method, or by prmting of an orgamc conductive matenal 

fluorinated resin, highly transparent polyimide and PET. The 25 ^^^^ ^ polyanihne. 

suitable thickness of the insulation film is about 100 rmi to The step is formed by deposition and patterning of the 

1 films for the second di^lay electrode and second control 

Subsequently, the second control electrode 13 is formed electrode after forming a thick film for the step, then a resist 

and patterned on the insulation layer. Any conductive mate- film is separately formed and patterned, followed by dry 

rials capable of patterning may be use for the second control ^ etching or wet etching of the thick film for the step. The step 

materid inchiding, for example, a transparent electrode such having a inversely tapered shape (FIG. 12A) or an overhang 

as indium tin oxide (ilU). While the second control elec- shape (FIG. 12B) can be fonned by adjusting the condition 

trode 13 may be transparent, its color may be harmonized and method of etching as shown in FIG. 12. 

with either the first display electrode or the second di^Uy fhc following effects were obtained by the present inven- 

clectrodc. ^ ^ tioo as hitherto described in detail in the first embodiment. 

■Tie surfaces of the display electrode 3 and 4, and the ^5 ^ .^^ addressing with good display 

surface of Ae second control ekcti^^ ^^^^^^ ^ ^ ^ 1^^^ (transfer) type 

the color the electrode matmal, or the color of the msulation electrophoretic display device with no occurrence of cross- 

layer matenal itself formed on the electrode material, or a * n • ^ * * « j * 

layer of a desirably colored material may be fonned on the occurence of cross-ulk due to poor 

insulation Uyer and substrate face: A coloring material-may 40-h^^«« "" -r^ ' '"^t? ^iT ."^--^^^^^-^ P'™-"^' - 

be mixed into the insulation layer. which has been a problem m the conventional art, has been 

-men. the insulation layers 8 and 9 are formed on the first ^^'^ pcrfec^ydepressed by the novel constructton and 

control electrode S and the second control electrode 13, aoarcssi^ metnod. • . , . , 

respectively. Ttie material «id thidmess of the insulation T^^l^t "T!^ 

« J charged particles has been largely reduced by mtroducmg 

layer are as described previously. 45 ^ f - / r * * i i L j 

Next, the dividing wall 10 is formed on the second two kinds of A&rent control electrodes, 

substrate. Whfle ^ition of the dividing wall 10 is not thirdly, mtroducmg a high barrier waU or step has 

J •* * A LI * 1 * * J ^, ^ enabled the area ratio between the first display electrode and 

restricted, it is desirable to place it so as to surround the . j , i . t_ j- TT. i_ i.- t. .1. 

circumference of each pixel k> that the charged particles 6 ^'""^ '^^y "^^"^ '° ^ ^'^^'^'^ ^ '"f *5 '^'^ 
, ^ - ^ *L - 1 A 1 ' - ^ ^„ the conventional ratio, thereby more improvement of con- 
do not migrate among the pixels. Apolymer resm s used for 50 . , t- .wi J 

~r , r *u ^ - j: 11 -wn- j: ii w trast has been reahzed by a different reason from depression 

the material of the dividing wall. The dividing wall may be cross-talk 

formed by any methods. For example, light exposure and _ r.-i. i . . 

, , , ^ A i_ . - 1 Fourthly, addressmg far bidirectiDnal wnting has been 

wet development after coating a photosensitive resm layer, , A t i j r * . . , . . 

adhesion of a separately j»^red barrier wall, printing, or ""'^ po^ible. Consequendy, need of miUaJ reset has been 

molding the ii^ on tte"snLe of tte ss cbimnatcd while enabhng partial rcwntmg by which a part 

c * * * 1 ui of the screen is rewritten 
first substrate is available. 

Then, the transparent insulation Hquul 7 and colored and Second Embodiment 

charged particles 6 are filled in the ^aoe of each pixel (Basic Construction and Operation) 

surrounded by the dividing wall. A colorless and transparent FIG. 20 is a cross section lowing a representative 

hquid such as silicone oil, tohiene, xylene or high purity 60 example of the display device according to the present 

petroleum is used. A material exhibitir^ a good charging invention. A construction comprising two pixels is shown in 

property in the insulation hquid such as a mixture of a FlG.20fortheconvenienceof explanation. A barrier wall 11 

polyethylene or polystyrene resin with carbon is used for the as a feature of the present invention is disposed between the 

black colored arid charged particles 6. While the particle size first display electrode 4 and the second display electrode 3 

of the chargpd particles 6 is not restricted, those with a 65 on the first substrate 1. A second substrate 2 is disposed in 

particle size of 0.1 to 20 /on, preferably OS to 10 /on, are opposed relation to the first substrate via a dividing wall 10, 

usually used and a control electrode 5 is formed on the second substrate 
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2. A transpareat insulation liquid 7 is filled in the space are accommodated in a space surrounded by the fiist display 

formed by the both substrates and the dividing wall, and electrode 4, barrier wall 11 and dividing wall 10, and are 

colored and charged particles 6 are dispersed in the trans- compressed toward the display electrode side by the holding 

parent insulation liquid. The reference numeral 20 denotes voltage applied between the first display electrode 4 and 

an addressing driver. S control electrode 5 to securely maintain a white display state 

The plane configuration of the di^lay electrode is not with a reflectivity of about 80%. 

particularly limited, but representative stripe shape (FIG. Since direct in-plane transfer of the charged particles 

21A) as well as any shapes such as a rectangle (FIG. 21B) toward the second display electrode 3 side is almost com- 

and a dosed loop such as a circle may be used. The barrier pletely prohibited by the barrier wall 11 in the present 

wall 11 is formed at the boundary area between the first 10 invention, the control voltage for prohibiting transfer of the 

display electrode 4 and the second display electrode 3, charged particles and for securely holding them may be 

irrespective of the shape of the display electrodes. largely decreased as compared with the control voltage in 

The feature of the construction of the present invention Japanese Patent Publication No. 8-507154, which is one of 

comprises the barrier wall 11 having a height several to the advantages of the present invention. The control voltage 

several tens times, preferably 3 to 10 times, as large as the 15 Vc was set to be +50V in FIG. 22. 

particle size of the diarged particles. Providing a sufficiently Writing is carried out at the periods Tbl and Tb2. Voltages 

high barrier wall allows direct in-plane transfer of the of Vdl (OV) and Vd2 (OV) are applied at the period Tbl to 

charged particles 6 between both di^rlay electrodes along transfer the charged particles 6 toward the control electrode 

the surface of the electrodes to be almost prohibited. Since side. Although the charged particles 6 are adsorbed on the 

the charged particles can be retained without overflow by the 20 control electrode 5 side at the period Tbl as shown in FIG. 

high barrier wall even when the area of the di^lay electrode 22, it is important to allow the charged particles 6 to transfer 

is small, a large area difference is set between the first toward the control electrode 5 side rather than to the tip of 

display electrode and the second display electrode to enable the barrier wall, and the particles are not required to transfer 

display contrast to be largely improved. onto the control electrode. 

The particle size of the colored and charged particles is 25 Then, voltages of Vdl (+50V), Vd2 (-50V) and Vc (OV) 

0.1 to 20 /an, preferably 0.5 to 10 f4m. arc applied at the period of Tb2 to invert the direction of 

While the barrier wall in the present invention is consti- transfer of the charged particles 6 from the control electrode 

tuted by a geometrical step, it is actually a barrier wall 11 side toward the second display electrode side. Since a bias 

shown in FIG. 20, or a step 12 shown in FIGS. 28A and 28B. of +50V is applied to the first control electrode 4 relative to 

While a laiger area ratio between the first di^lay elec- 30 the control electrode 5, all the charged particles 6 are 

trode 4 and tbe second di^lay electrode 3 is desirable, it is transferred toward the second display electrode side without 

required that all tbe charged particles in the pixels are returning back to the first display electrode side to rapidly 

accommodated within a ^ace surrounded by the display reduce the reflectivity R. 

electrode having a smaller area (the first display electrode 4 The period Tc denotes a blackholding state. The charged 

in FIG. 20), and the barrier walls 11 and 10 (or tbe barrier 35 particles 6 transferred to the second di^lay electrode side 

wall). Accordingly, the higher barrier walls U enables the are compressed onto tbe display electrode side by the 

area ratio to be large, or the display contrast to be larger. voltage Vc (+50V) to securely maintain the black display 

In the construction shown in FIG. 1, the particle size of state with a reflectivity of about 10%. 
the charged particles of 5 /on, the distance between tbe first FIGS. 24 and 25 show other addressing methods accord- 
substrate and tbe second substrate of'80/an, a height of the 40 ing to the present- invention. Explanations common to those 
barrier wall of 40 /on, and the area ratios of the first display in FIGS. 22 and 23 are omitted. The period Tbl shown in 
electrode, the second disfHay electrode and the barrier wall FIGS. 22 and 23 is omitted in FIGS. 24 and 25, and the 
of about 15%, 80% and 5%, re^>ecdvely, are suitable charged particles 6 are transferred according to an electric 
relative to tbe pixel aae of 100 /onxlOO /en. field profile generated when voltages of Vdl (+50V), Vd2 

Any combinations of colors are possible for the consti- 45 (50V) and Vc (OV) are applied at a writing period Tb 

tution members of the ocH (corresponds to Tb2 in FIGS. 22 and 23). 

For example, switching of di^lay between the white state The charged particles 6 on tbe first display electrode 4 are 

and the black slate is possible in the combination of the at first transferred toward the control electrode side in 

black chacged particles 6, Uack first display electrode 4, accordance with distribution of tbe electric field vectors 

white second di^lay electrode 3, transparent barrier waU 11 50 shown in Fog. 24 at tbe period of Tb, then are transferred 

and transparent first control electrode 5. Colored display is toward the second display electrode side by jumping over 

also possible by aligning RGB colors of the second display the barrier wall 11. While the addressing method in FIGS. 24 

electrode 3. and 25 has a simple waveform and has an advantage that the 

Writing operation as a rernarkable feature of the present response speed may be improved, freedom of the construc- 

invention is described with reference to FIGS. 22 and 23. 55 tion such as the height of the barrier wall is restricted as 

FIG. 22 shows the operation state in each process, and FIG. compared with the methods in FIGS. 22 and 23. 

23 shows applied pulses and changic of the reflectivity in (Passive Matrix Addressing Method) 

each process. The cell has a construction with one pixel as Subsequently, the passive matrix addressing method 

in FIG. 20. according to the present invention will be described with 

The charged particles 6 are positively charged, and an 60 reference to FIGS. 26 and 27. Consider an in-plane (transfer) 

addressing voltage Vdl is applied on the first display elec- type electrophoretic display device in which the pixels are 

trode 4, a voltage Vd2 is ^}ptted on tbe second display arranged in a mxn matrix with colun and row numbers of m 

electrode 3, and a voltage Vc is applied on the control and n, respectively. Signal electrode lines (m) are aligned 

electrode 5 in tbe following description. along the column direction, and scanning electrode lines (n) 

The period Ta corcespoads to a white ^te holding state. 65 are aligned abng the row direction of the pixel array. 

The arrows in the cell denotes approximate directions of respectively, so as to cross at right angles to one another, 

electric field vectors in the cell. All tbe charged particles 6 Each signal electrode line is connected to the control elec- 
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trode of eacb pixel, each first scanning electrode line is barrier wall 11 comprises a transparent member. However, it 

connected to the first display electrode within eacb pixel, is made possible to align the distance between the fill-up 

and eacb second scannic^ line is connected to the second surface and the tip of the barrier wall on the second display 

scanning electrode in each pixel at each crossing point. electrode 3 to be approximately equal to that on the first 

At first, all the charged particles 6 are collected on the first 5 display electrode, by placing the surface of the second 

display electrode 4 to set into an ovcraD white display state display electrode 3 to be higher than the surface of the 

by the writing method described in FIGS. 22 and 23. surface of the first display electrode 4. This construction 

However, a voltage Vdl (-50V) is applied on all the first further affords an effect that difficulty of in-plane transfer for 

scanning lines, a voltage Vd2 (+50V) is applied on all the the charged particles 6 on the uppermost face of the first 

second scaiming lines, and a voltage Vc (OV) is applied on 10 display electrode 4 may be adjusted to be approximately 

all the signal lines at a period of Tb2 (FIG. 20A, erase of equal to that on the uppermost face of the second display 

entire panel face). electrode 3. 

Then, writing is carried out by sequentially selecting the The control electrode on the second substrate is not 

scarming lines along the Y-direction fiom above. A voltage always formed over the entire surface of the pixel. A 

of Vdl (OV at the period TbV+50V at the period Tb2) is 15 construction in which the control electrode 5 is disposed 

applied on the first scanning line, a voltage of Vd2 (OV/- only in the vicinity above the barrier wall in the construction 

50V) is applied on the second scanning line, a voltage of Vc shown in FIG. 20 is shown in FIG. 30 as an example. This 

(-SOV/OV) is appUed on the signal line corresponding to the construction has an advantage that the charged particles 6 

selected pixel (FIG. 26BX and a voltage of Vc (+50V/+ are more smoothly transferred in the writing operation of the 

lOOV) is appUed on the signal line conesponding to the 20 addressing method shown in FIGS. 24 and 25 

un-selected pixel (FIG. 26C) at the selected period. Black FIGS. 31A and 31B show variations of the step type 

state writing is carried out at the selected pixels (FIG. 26B) shown in FIGS. 28A and 28B. The display contrast can be 

by tbe operations described in FIGS. 22 and 23, and the improved by forming a shielding space 15 invisible bom an 

charged particles are always compressed toward the first observer of the screen on the wall of the step under the 

display electrode side through the periods Tbl and 'Ib2 at 25 second display electrode 3 located at the upper side of the 

the uD-selected pixels (FIG. 26C) to securely maintain the step, so that tbe fill-up volume of the charged particles on the 

white display state. surface of the first display electrode is increased, besides 

On the other hand, a voltage of Vdl (-lOOVZ-SOV) is apparently increasing the effective area ratio between the 

applied on the first scaiming line, a voltage Vd2 (-100V/ first display electrode 4 and the second display electrode 3. 

SOV) is applied on tbe second scaiming line, and a voltage 30 The shield ^ace 15 may be formed, for example, by an 

of Vc (-SOV/OV in FIGS. 27D and 27F or +50V/+100V in inverse-taper shape (FIG. 31A) or an overhang shape (FIG. 

FIGS. 27£ and 27G) is applied oa tbe signal hne at the 31B) of the cross section of the step, 

un-selected period. The charged particles are compressed The barrier wall according to the present invention is not 

onto the display electrode face by the voltage between the restricted to the geometrical barrier wall, but any barrier 

display electrode and control electixxic in every case, ami the 35 wall, for example an electrical barrier wall, that almost 

display sate docs not diangc. prohibits direct in-plane transfer of the charged particles 

A high contrast dii^lay can be formed without cross-talk between the display electrodes may be used. FIG. 32A 

by passive matrix addressing as described above in tbe shows a construction in which a barrier electrode 13 as an 

in-plane (transfer) type electrophoretic display device electrical barrier wall is disposed. The electrical barrier wall 

-according to- the present-invention.- - - 40 is able to exhibit an- identical function with the geometrical" ' 

(A^ation of Construction) barrier wall, by controlling the potential of the barrier 

The construction of the barrier wall as a feature of the electrode so as to always exert a repulsive force on the 

present invention is not restricted to the type shown in FIG. charged particles. 

20. The construction effective in the present invention will The construction using a charged assembly 14 as an 

be sequentially described hereinafter with reference to the 45 electrical barrier wall is shown in FIG. 32B. A material 

drawings capable of send-permanently retaining electric charge such 

FIGS. 28A and 28B show the type in which tbe barrier as a ferromagrietic material and elcctlct is used for the 

wan comprises a step The second di^lay electrode 3 is charged assembly. The charged assembly can exhibit a 

formed on the step 12 in one type (FIG. 28A), or formed similar function to the geometrical barrier by chargic^ it 

under the step in the other type (FIG. 28B). The height of the 50 with the same polarity as the charged particles, 

step 12 fonned is several to several tens times, preferably 3 Although tbe construction in which a pair of the first 

to 10 times, as large as the particle size of the charged display electrode and second di^lay electrode is disposed in 

particles in both types, and the step has a function to almost one pixel has been described above for tbe convenience of 

entirely prohibit in-plaiie transfer of the charged particles. explanations, it is needless to. say that the number of the 

The step has different height and fiinctioD from the step ss electrodes in one pixel is not restricted in the present 

proposed in Japanese Patent PubHcatioo No. 8-507154. invention, but a plurality of electrode pairs may be disposed. 

Aconstructioa in which the siuface of the second display FIGS. 33A and 33B show the construction in which two 

electrode 3 having a larger surface area is placed at a higher pairs of the electrodes arc disposed in one pixel. The type in 

position than the first display electrode is shown in FIG. 29 FIG. 33A corresponds to the type in FIG. 20, and the type 

as a modification of that shown FIG. 20. In the per^}ective 60 in FIG. 33B corresponds to the type in FIG. 31A. 

view of the construction in FIG. 20, an area where the barrier (Material and Manufacturing Method of Construction 

wan 11 interferes with the field of vision appears on the Members) 

display electrode face. This becomes evident on the surface The manufacturing method of tbe display device in this 

of the second display electrode 3 having a large distance embodiment is described hereinafter with reference to FIG. 

between the tq> of the barrier waU 11 and the upper fiU-up 65 20. 

surface of tbe charged particles 6, and view angle charac- At first, tbe first display electrode 4 and tbe second 

tcristics of the screen arc sligbUy affected even when the electrode 3 are formed patterned on the first substrate 1. The 



03/17/2004, EAST Version: 1.4.1 



us 6,639^80 Bl 
27 28 

control electrode 5 is also formed and paliemed on the The following effects were obtained by the present inven- 

second substrate 2. Polymer films such as polyethylene tion as hitherto described in detail in the first embodiment, 

terephthalate (PET) and polycthcrsulfone (PES) films, or Firstly, a passive matrix addressing with good display 

inorganic materials such as a glass or quartz are used as the contrast can be realized in the in-plane (transfer) type 

materials of the substrate. Any conductive materials capable 5 clectrophoretic display device with no occurrence of cross- 

of patterning may be used as the materials for the display talk. This is because occurrence of cross-talk due to poor 

^^^^^^^^ ^ transparent electrode such as indium tin holding of the charged particles in the un-selected pixels, 

oxide OTO) IS used for the matenal for the first control ^^^^ ^ ^^^^^^^ ^ ^j^^ conventional art, has been 

electroae. . • , . , almost perfectly depressed by the novel construction and 

The color of the electrode material, or the insulation layer addressin method 

material itself may be utilized as the cobr of the display „ ji * • ^ c . ^- 1 1 

electrode, or a layer of a material with a desired color may ^eoondly, the area raUo between the first display electrode 

be coated on the electrode. Insulation layer or the substrate .^^'"^ display electrode can be set larger than the 

face. Acolorir^ material may be mixed into the insulation conventional one by intrxKhxcmg the high bamer wall, 

jgygj. thereby enabling more improvement of the contrast to be 

Then, insulation Uyers 8 and 9 are formed on the display 15 realized by a different reason from depressing the cross-Ulk. 

electrode and control electrode. Materials having a low Thirdly, addressing for bidirectional writing has been 

dielectric constant such as amorphous silicon resin, highly made possible. Consequently, need of initial overall reset of 

transparent polyimide and PET may be preferably used. A the entire screen has been eliminated while enabling partial 

thickness of the insulation layer of 100 nm to 1 fan is rewriting addressing by which a part of the screen is 

favorably used. 20 rewritten. 

Subsequently, the barrier wall 11 is formed on the first Fourthly, the control voltage has been largely decreased as 

substrate 1. A polymer resin is used for the barrier wall compared with the conventional one by sufficiently increas- 

material. The barrier waU may be formed by any method ing the height of the barrier wall or step to enable in-plane 

including, for example, exposing to light and wet develop- transfer of the charged particles to be almost entirely pro- 

ment after coating a photosensitive resin layer, adhering a 25 hibited without setting the control voltage, 

separately prepared barrier wall, printing, or forming the ,1 tr h /i- t 

barrier waU by molding on the surface of the light trans- ^^^^^ b-mbodiment 

missible first substrate. The third embodiment of the present invention provides 

Then, the barrier wall 10 is fomted on the second sub- an electrophoretic display device comprising: a first sub- 
strate. While disposition of the wall 10 is not restricted, it is 30 strate; a first di^lay electrode and a secorxl display elec- 
preferable to arrange it so as to surround the circumference trode disposed on the first substrate; a second substrate 
of each pixel, so that the charged particles do not migrate disposed in opposed relation to the first substrate; a device 
among the pixels. The barrier wall 10 is formed using the for applying a desired voltage on each electrode; a trans- 
same material and method as in the barrier wall 11. The parent iiKsulation liquid filled between the first substrate and 
transparent insulation liquid 7 and colored and chaiged 35 the second substrate; and a plurality of colored and charged 
charged partidcs 6 arc filled in each space in the pixel fine particles dispersed in the transparent insulation Liquid, 
surrounded by the barrier walL A cobrless and transparent display modes being switched by allowing the colored and 
liquid such as silicone oil, tohicoe, xylene or high purity charged particles between the first and second display 
petroleum is used for the transparent insulation liquid 7. A electrodes, wherein the control electrode is disposed 
material exhibiting- good charging ability in the insulation- 40 between the first display electrode-and the second display? ^ 
liquid such as a mixture of carbon with polyethylene or electrode in the first substrate, and the distance between the 
polystyrene is used for the black charged particles. While upper face of the control electrode and the surface of the first 
particle size of the charged particles 6 is not restricted, substrate is largpr than the distance between the upper face 
particles with a diameter of 0.1 to 20 /zm, preferably 0^ to of the first display electrode and the surface of the first 
10 /on, are i^ally used. 45 substrate, and the distance between the upper face of the 

Aficr forming an adhesive layer on the bondii^ face second display electrode and the surface of the first sub- 
between the first substrate 1 and the second substrate 2, the strate. 

first and second substrates arc positioned to one another. The third embodiment of the present invention also pro- 
followed by bonding with heating. The display device is vides an electrophoretic display device comprising; a first 
completed by connecting a voltage appHcatioD (tevice to the 50 substrate; a first display electrode and a second display 
assembly. electrode di^sed on the first substrate; a second substrate 
The step shapes as shown in FIGS. 20, 29 and 31 may be disposed in opposed relation to the first substrate; a device 
formed by the same material and method for forming the for applying a desired voltage to each electrode; a transpar- 
step and harrier walL The second display electrode 3 should ent insulation liquid filled between the first substrate and the 
be formed, however, on the upper ^ce of the step, except 55 second substrate; a plurality of colored and charged fine 
those in FIG. 20B. After sequentially formii^ a thick film for particles dispersed in the insulation liquid; a structural 
the step, a film for the second di^lay electrode and a resist barrier wall comprising a wall structure or a step structure 
film on the entire surface, the resist film 00 the uppermost disposed at the interface between the first display electrode 
face is patterned, followed by sequentially applying a dry and the second display electrode; a control electrode dis* 
etching or wet etching to the film for the second display 60 posed above the structural barrier wall, display modes being 
electrode and the thick film for the step. ITO can be switched by allowing the colored and charged particles 
deposited by a magnetroo sputtering method for the film for between the first and second display electrodes, and being 
the second display electrode, or a film of an organic con- capable of controlling transfer of the colored and charged 
ductive material such as polyaniline may be formed by fioe particles by a synergetic effect between a physical 
printing. A step with a cross sedbn such as an inverse-t^r 65 barrier by the structural barrier wall and an electrical barrier 
shape (FIG. 31A) or an overhang shape (FIG. 31B) may be by the control electrode, wherein transfer of the charged 
formed by adjusting the etching method and ccmdition. particles comprises a first process for allowing the charged 
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particles to transfer from one of the display electrodes to the white second display electrode 3, and white control elec- 

vicinity of the second control electrode side and, succeeding trade 5. Color display is also possible by aligning RBC 

the first process, and a second process for allowing the colored second display electrode 3 and control electrode 5. 

charged particles to transfer from the control electrode side Writing operation as a feature of the present invention will 

to the other di^lay electrode side by jumping over the 5 be then described with reference to FIGS. 42 and 43. FIG. 

barrier wall. 42 shows the operation state of the charged particles in each 

The third embodiment of the present invention will be process, and FIG, 43 shows the applied pulse and reflectivity 

sequentially described hereinafter. in each process. The cell construction (one pixel) is the same 

(Construction and Operation of Representative Third as shown in FIG. 40. 

Embodiment) 10 The charged particles 6 are positively charged in the 

FIG. 40 shows a cross section of the representative following descriptions, and an addressing voltage Vdl is 

construction according to the present invention. A construe- applied on the first display electrode 4, a voltage Vd2 is 

tion comprising two pixels is shown in FIG. 40 for the applied on the second di^lay electrode 3, and a voltage Vc 

convenience of explanations. The first display electrode 4 is applied on the control electrode 5 in the following 

and second di^lay electrode 3 are disposed on the first 15 description. 

substrate 1, and the second substrate 2 is placed in opposed The period Ta corresponds to a white state holding state, 

relation to the first substrate via a dividing wall 10. A The arrows in the cell denote approximate electric field 

structural barrier waU 11 comprising a wall or a step, and a vectors in the cell. All the diarged particles 6 are accom- 

control electrode 5 disposed above the structural barrier wall modated in a space surrounded by the first display electrode 

are provided at the boundary between the first display 20 4, barrier wall 11 and dividing wall 10, and are compressed 

electrode 4 and second display electrode 3. A wall structure toward the display electrode side by the holding voltage 

is formed as the structural barrier wall 11 in FIG. 40. A applied between the first display electrode 4 and control 

transparent insulation liquid 7 is filled in the ^ace formed electrode 5 to securely maintain a white di^lay state with a 

by both substrates and the dividing wall, and the colored and reflectivity of about 80%. 

charged particles are di^sersed in the insulation liquid. 25 The holding voltage for prohibiting transfer arxl for 

The plane configuration of the display electrode is not holding of the charged particles can be largely reduced as 

particularly limited, but representative stripe shape (FIG, compared with the construction in Japanese Patent Publica- 

41A) as well as any shapes such as a rectangle (FIG. 41B) tion No. 8-507154, since direct in-plane transfer of the 

and a closed loop such as a circle may be used. The control charged particles toward the second display electrode 3 side 

electrode 5 is formed at the botmdary area between the first 30 is prohibited by a syneigetic effect between the physical 

display electrode 4 and the second display electrode 3, barrier by the structural barrier wall 11 and electrical barrier 

irrespective of the shape of the display electrodes, by the control electrode 5. The holding voltage Vc was set 

The remadtable feature of the construction according to to +100V in FIG. 42, 

the present invention is that the structural barrier wall 11 as Writing is carried out at the period Tb. Writing is effected 

a physical barrier and tt^ control electrode 5 that generates 35 by applying a writing voltage satisfying the conditions of 

an electrical barrier are used together as members for Vdl<Vc<Vd2 to the control electrode 5 and first display 

suppressing transfer of the charged particles. Transfer of the electrode 4 disposed on the structural barrier 11. For 

charged particles can be effectively suppressed by applying example, the charged particles 6 on the first display elec- 

a relatively low control voltage by the synergetic effect trade 4 are at first transferred toward the control electrode 5 

between the physical-harrier-and electrical barrier-Since a 40 side -in accordance with the distribution of the electric-field -^ 

sufficient amount of holding voltage component perpendicu- vectors when the voltages of Vdl (+50V), Vd2 (-50V) and 

lar to the surface of the display electrode is generated by VC (OV), then are tratxsferred toward the second display 

forming the control electrode 5 cm the structural barrier waU electrode ^de by jumping over the structural barrier 11. 

11 and pladr^ at a higher position relative to the display The period Tc corresponds to black holdii^ state. The 

electrode face, partial distribution of the charged particles on 45 charged particles 6 transferred toward the second display 

the di^lay electrode face during the ^jpltcation period of electrode side are compressed to the display electrode side 

the holding volt^e, v^ch has been a problem in the second by the control voltage Vc of +100V, securely maintaining a 

construction in Japanese Patent Pablication 8-507154, or black display state with a reflectivity of about 10%. 

adhesion of the charged particles on the upper substrate side FIGS. 50 and 51 show another writing method according 

(HGS. 46A and 46B) can be effectively suppressed. Since 50 to the present invention. Writing is carried out at the periods 

the charged particles can be retained without overflow even of Tbl and Tb2. At first, the voltages of Vdl (OV). Vdl (OV) 

when the area of the dit^lay electrode is small, a large area and Vc (-50V) are applied at the period of Tbl to transfer 

difference may be given between &e first display electrode the charged particles 6 toward the control electrode side, 

and the second di^lay electrode. to enable di^lay contrast Then, the voltages of Vdl (+100y), Vdl (OV), and Vc 

to be largely improved. ' ^ 55 (+50V) are applied at the period of Tb2 to allow the direction 

Advantageous examples of the sizes of the constitution in of transfer of the charged particles 6 to reverse &om the 

FIG. 40 comprise the partide size of the charged particles of control electrode direction to the second display electrode 

0.5 to 10 fon^ the distance between the first and second side. Since a bias of +50V is applied to the first display 

substrates of 10 to 100 fan, the height of the barrier wall 11 electrode 4 relative to the control electrode 5, all the charged 

of 5 to 50 /im, as well as the area ratios of the first display 60 particles 6 are transferred toward the second display elec- 

electrode of 10 to 30%, second display electrode of 85 to trade side by limiping over the structural barrier wall 11 

65% and control electrode of 5 to 10% against the total pixel without returning back to the first display electrode side, 

area ratio, relative to the pixel aze of 100 /imxlOO rapidly reducing the reflectivity R. 

Any combination of the color of the constitution materials Since all the electric field vectors are aligned toward the 

of the cell is possible, for example switching between white 65 control electrode 5 at the period of Tbl in this writing 

state display and black state display b possible using the method, the charged particles 6 can be transferred without 

black charged particles 6, black first di^ay electrode 4, colliding with the structural barrier wall 11, even when the 
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structural barrier wall 11 is extremely high. Accordingly, 
reliability of writing is improved besides enhancing struc- 
tural freedom such as the height of the structural barrier 
wall. 

The period Tc corresponds to the black state display 
holding state. The charged particles 6 transferred toward the 
second display electrode side is compressed to the display 
electrode side by the control voltage Vc of +50 V, securely 
retaining the black display state with a reflectivity of about 
10%. 

(Pas^ve Matrix Addressing Method) 

The passive matrix addressing method in the embodiment 
according to the present invention will be described here- 
inafter. Consider an in-plane (transfer) type electropboretic 
display device having a mxn matrix with column and row 
numbers of m and n. Signal lines (m lines and n lines) are 
aligned to be perpendicular to one another toward the row 
and cohmm directions, re^ctively, along the pixel arrange- 
ment. 

A plurality of variations are possible in the writing 
method. The methods for connecting to each electrode 
include two methods of coimecting the control electrode to 
the scanning electrode line, and connecting the display 
electrode to the signal electrode line in each pixel; and 
connecting the control electrode to the signal electrode line, 
and connecting the di^lay electrode to the scanning elec- 
trode line in each pixeL The writing methods comprise 
bidirectional writing to the white state and black state for 
each scanning line, and imidirectional writing to the rewrit- 
ing pixels for each scanning line, after resetting the entire 
initiai screen to one of the two states. 

FIGS. 44Aand 44B, and HGS. 45C to 45F describe the 
addressing method, wherein the first signal electrode line is 
connected to the first display electiode in each pixel, the 
second signal electrode line is connected to the second 
display electrode in eadi pixel, and the scanning electrode 
line is oormectcd to the control electrode in each pixel, and 
writing is bidirectional. Bidirectional writing, which Ls one 
of the features of the present invention on which the barrier 
wall has a symmetrical structure^ is dif&cult in the disclosed 
first construction in the Japanese Patent Publication No. 
8-507154. 

Writing is carried out by sequentially selecting the scan- 
ning lines toward the Y-d^ection from above. A voltage of 
Vc (OV) as a write enable voltage is applied on the scanning 
Hoe at the selected period, and sigoals corresponding to the 
image data to be displayed arc applied to eadi agnal line. In 
other words, a voltage of Vdl (+50V) is aj^licd on the first 
signal lioe, and a voltage Vd2 (-50V) is ^plied on the 
second signal line corresponding to the pixel in which a 
blac^ state is written (FIG. 44A). likewise, a voltage of Vdl 
(-50V) is applied on the first sigoal line, and a voltage Vd2 
(-t-50A^ is applied on the second signal line corresponding to 
^e pixel in which a white state is written (FIG. 44B). 
Detailed descriptions of the writing operation are omitted 
since they are identical to those in FIGS. 42 and 43. 
Bidirectional writing of black and white states are simulta- 
neously carried out as described above at the period of Tb. 

On the other hand, a voltage of Vc (+100V) as a write 
inhibit voltage (a holding voltage) is ^>plied on the scaiming 
line at the u£>-selected period. A holding voltage ccHnponent 
perpendicular to the display electrode is generated by form- 
ing the control electrode 5 on the stmctural barrier wall 11 
and disposing it at a higher position relative to the display 
electrode face, enabling the charged partides to be ^ifiB- 
ciently compressed onto the display electrode face. Partial 
distribution of the charged partides on the display electrode 
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face, or adhesion of the diaiged particles on the upper 
substrate side, which has been a problem in the second 
coostructioD in Japanese Patent Publication 8-507154, can 
be effectively suppressed, even in the state in which the 
5 black state writing signal is applied (FIGS. 45C and 45E) on 
each signal line, or in the state in which the white state 
writing signal is applied (FIGS. 45D and 45F) on each signal 
line. 

Another example of the addressing method in which 

10 writing is unidirectional will be described with reference to 
FIGS. 46A to 56C, HGS. 47D to 47G, FIGS. 48A to 48C 
and FIGS. 49D to 49G. In FIGS. 46A to 56C and FIGS. 47D 
to 47G, the electrodes are connected by the method in FIGS. 
44A and 44B, and in FIGS. 45C to 45F, wherein the 

15 scanning electrode line and the signal electrode line are 
connected to the control electrode and display electrode, 
respectively. Connections of the wiring lines in FIGS. 48A 
to 48C, and FIGS. 49D to 49G are different from those in 
nGS. 44A and 44B, and HGS. 45C to 45F, but the scanning 

20 line and the di^lay line are connected to the display 
electrode and control electrode, respertively. Two Lines of 
the signal elearode lines are not needed for each pixel in 
unidirectional writing, and the second display electrode is 
grounded as a common electrode. 

25 The addressing metbod in HGS. 46A to 46C, and FIGS. 
47D to 47E will be described hereinafter. At first, a voltage 
of Vc (-50V) is applied on all the scanning electrode lines, 
and a voltage of Vd (-100V) is applied on all the signal 
electrode lines to reset the entire screen to a white state (FIG. 

30 46A). 

Writing is carried out by sequentially selecting the scan- 
ning line toward the Y-direction from above. A voltage of Vc 
(+50V) as a write enable voltage is applied on the scanning 
line at the selected period, and the signal corresponding to 

35 the image data to be displayed is applied on each signal line. 
In other words, writing in the black state is carried out by 
applying a voltage of Vdl (+100V) on the signal line 
corresponding to the pixel for writing a black state (FIG. 
46B), and the white state is maintained by applying a voltage 

40 vdl (OV) on the signal line corresponding to- the pixel for- 
writing the white state (nG. 46C). 

Unidirectional writing in the black state is carried out only 
to the desired pixel at the selected period as described above. 
In the ur>-selected state, on the other hand, a voltage of Vc 

45 (+150V) is applied as a write inhibit voltage on the scanning 
line, thereby the display state is favorably maintained in the 
state in which the black state writing signal is applied on 
each signal line (FIGS. 47D and 47F), and in the state in 
which the black state writing signal is not applied on each 

50 signal line (FIGS. 47E and 47G), as in FIGS. 44A and 44B, 
and FIGS, 45C to 45F 

The addressing methods in FIGS. 48 A to 48C, and in 
FIGS. 49D to 49G will be described hereinafter. At first, a 
voltage of Vdl (-lOOV) is applied on all the scanning 

55 electrode lines, and a voltage Vc (-50V) is applied on all the 
signal electrode lines to rest the entire screen to the white 
state (FIG. 48A). 

Writing is carried out by sequentially selecting the signal 
lines along the Y-direction from above. A voltage of Vdl 

60 (+100V) as a black state writing voltage is applied on the 
scaiming line at the selected period to apply a signal corre- 
sponding to the image data to be displayed oa each signal 
line. In other words, writing in the black state is carried out 
by applying a voltage VC (+50V) as a write enable signal on 

65 the signal line corre^nding to the pixel in which the black 
state is to be written (FIG. 48B, and the white state is 
maintained by applying a voltage Vc (+150V) as a write 
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inhibit signal on the signal line corresponding to the pixel in step in this embodiment has a different height and function 

which the white state is to be maintained (FIG. 48C). firom the step disclosed in Japanese Patent Application No. 

Unidirectional writing in the blade state is carried out only 8-507154. 

in the desired pixel at the selected period as described above. A construction in which the second display electrode 3 

In the un-selected state, on the other hand, the writing 5 face having a larger area is placed at a position higher than 

signal is not applied on the scanning line (Vdl'=OV), and the the first display electrode face 3 is shown in FIG. 55B as a 

display state is favorably maintained in the state in which the modification of that in FIG. 1. In the perspective view of the 

writing enable signal is applied on each signal line (FIGS. constmction in FIG. 40, an area where the barrier wall 11 

49D and 49F), or in the state in which the writing inhibit interferes with the field of vision appears on the display 

signal is applied on each signal line (FIGS. 49£ and 49G), 10 electrode face. This becomes evident on the surface of the 

as in FIGS. 44A and 44B, and FIGS. 45C to 45F. second display electrode 3 having a large distance between 

A writing method in which the writing period is divided the tip of the barrier wall 11 and the upper fill -up surface of 

into two portions (FIG. 50 and FIG. 51) will be described the charged particles 6, and view angle characteristics of the 

with reference to FIGS. 52A to S2C, FIGS. 53D to 53E and screen are slightly affected even when the barrier wall U 

FIGS. 54F and 54G. The scanning line is connected to the is comprises a transparent member. However, it is made pos- 

control electrode, the first signal Line is connected to the first sible to align the distance between the fiU-up surface and the 

display electrode, and the second signal line is connected to tip of the barrier wall on the second display electrode 3 to be 

the second display electrode, and writing is bidirectionally approximately equal to that on the first display electrode, by 

carried out for eadi line. Initial overall reset is not necessary placing the surface of the second display electrode 3 to be 

in this case. 20 higher than the surface of the surface of the first display 

A voltage of Vc (-50V at the period Tbl/OV at the period electrode 4. This construction further affords an advantage 

of Tb2) is applied to the first scanning line at the selected that the suppressing effect of in-plane transfer for the 

period. Simultaneously, a voltage of Vdl (0V/+50V) is charged particles 6 on the uppermost face of the first display 

applied on the first signal line corresponding to the pixel in electrode 4 may be adjusted to be approximately equal to 

which the black state writii^ is to be carried out (FIG. 52A), 25 that on the uppermost face of the second display electrode 3. 

and a voltage of Vd2 (0V/-50V) is appHed on the second FIGS. 56A and 56B shows variations of the step type 

signal line. A voltage of Vdl (0V/-50V) is applied on the display device shown in FIG. 55A. The fiU-up volume of the 

first signal line corresponding to the pixel in which the white charged particles on the first di^lay substrate is increased 

state writing is to be carried out (FIG. 52B), and a voltage while apparently increasing the effective area ratio between 

of vd2 (0V/^50V) TS applied on the second signal line. The 30 the first display electrode 4 and second display electrode 3 

description on the writii^ operation is omitted since it has to improve the display contrast, by forming a shielding space 

been already described in FIGS. 50 and 51. 15 invisible from an observer of the display surface on the 

On the other hand, a voltage Vc (46OV/+IOOV) is a{^]ied wall face of the step on the lower side of the second display 

on the scanning line at the un-seiected period. A voltage of electrode 3 face located at the upper side of the step. For 

Vdl (OVZ-fSOV) is applied on the first signal hnc^ and a 35 example, the shielding space 15 can be formed by forming 

voltage Vd2 (DV/-50V) is applied on the second signal line the cross section of the step to be a inverse-taper shape (FIG, 

as a black state writing signal (FIGS. 53D and 53E) as at the 56A) or over-hang shape (FIG. 56B). 

selected period. A voltage of Vdl (0V/-50V) is applied on While a construction in which a pair of the first display 

the first signal line, and a voltage Vd2 (0V/+50V) is applied electrode and second display electrode is disposed in one 
on the second agnal Hoc as a ij^te- state writing signal-~40 pixel- has been- described for the - convenience 'of 

(FIGS. 54F and 54G). A holding voltage component per- explanations, the number of the electrodes in one pixel is not 

peodicular to the display electrode face is generated in both particularly restricted in this invention, but it is needless to 

cases> and the di^lay state is securely maintained since the say that a construction in which plural pairs of the display 

charged particles 6 are siifRciently compressed onto the electrode are disposed is possible. The construction in which 

display electrode face. 45 two pairs of the electrodes are di^>osed in one pixel in the 

('^riatton of Constructioa) type shown in FIG. 40 is shown in FIG. 57. The stmctural 

The construction of the present invention is not restricted barrier wall 11 and the control electrode 5 are formed at all 

to the type in FIG. 40. For example, the cross section of the the boundaries between the first display electrode and the 

structural barrier wall is not restricted to the rectangular second display electrode. 

shape, but an arbitrary ^ape such as a triangle or a trapezoid 50 (Material and Manufacturing Method of the Constituting 

may be naturally applicable. The position of the control Members) 

electrode 5 is not always di^iosed at the uppermost part of The method for manufacturing the display device in this 

the structural barrier wall, but it may be buried in an embodiment is described hereinafter with reference to FIG. 

intermediate pan of the barrier wall so long as it is above the 40. . 

display electrode face, or it may be formed on the side wall 55 At first, the first display electrode 4 and the second 

of the barrier walL The cfi5cctivc construction in the present electrode 3 are formed patterned on the first substrate 1. 

invention is further described with reference to the drawings. Polymer films such as polyethylene tcrephthalate (PET) and 

FIG. 55A shows a type in which the barrier wall is a step. polyetbersulfone (PES) films, or inorganic materials such as 

The control electrode 5 is placed at the ed|ge of the step. a glass or quartz are used as the materials of the substrate. 

While the aAlressing method is the same as that described 60 Any conductive materials capable of patterning may be used 

in RG. 40, the writing method is restricted to the unidirec- as the materials for the di^lay electrode, and a transparent 

tional writing. The height of the step 12 is several to several electrode such as indium tin oxide (ITO) is used for the 

tens times as large as the particle size of the charged material for the first control electrode, 

particles, and the charged particles are sufficiently com- Then, an insulation layer is formed on the display elec- 

pressed ooto the display electrode face by generating a 65 trode. A material that hardly fonns pin holes on the thin film 

holding voltagp perpendicular to the display electrode face and has a low dielectric constant is preferable as the material 

by applying a holding voltage oa the control electrode. The for the insulation layer. For example, an amorphous fiuori- 
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nated resin, highly tran^arenl polyimide. PET, acrylic resin 
and epoxy resin may be used. Favorable thickness of the 
insiilatioo film is about 100 nm to 1 /xm. 

Subsequently, the structural barrier wall is formed. After 
sequentially forming a thick film for the step, a film for the 
control electrode and the resist film over the entire surface, 
the resist film on the uppermost face is patterned, followed 
by sequentially applying a dry etching or wet etching to the 
film for the control electrode and the thick film for the step. 
In the case of the step 12 shown in FIGS. 55A and 55B, and 
in FIGS. 56A and 566, the films for the second control 
electrode and the control electrode are deposited and pat- 
terned after depositing a thick film for the step, then the 
resist film is separately formed and patterned, followed by 
dry etching or wet etching of the thick film for the step. The 
step having an inverse-taper shape (FIG. 56A) or overhang 
shape (FIG. 56B) may be formed by adjtistic^ the etching 
method and condition. A polymer resin is used for the 
material of the barrier wall or step. Any conductive materials 
capable of patterning may be used for the control electrode 
film or for the second display electrode material. A metal 
film may be deposited, or an ITO film may be formed by a 
low temperature magnetron guttering. Otherwise, an 
organic conductive material such as polyaniline may be 
formed into a film by printing. An insulation layer is formed 
on the control electrode 5, if necessary. 

The control electrode 5 may be transparent, or may be 
colored in harmony with the color of either the first display 
electrode or the second display electrode. The surfaces of the 
display electrodes 3 and 4, and the surface of the control 
electrode 5 may be colored by taking advantage of the color 
of the insulation material itself formed on the electrode 
material, or a material layer having a desired color may be 
formed on the electrodes, insulation layer and substrate. A 
coloring material may be mixed with the insulation layer. 

Then, the insulation layer 9 and dividing wall 10 are 
formed on the second sut»trate. The material for the insu- 
lation layer and the film thickness are as described previ- 
ously. While di^x>sition of the dividii^ wall 10 is not 
restrictedj'it may be-dasposed so as to surround the circum- 
ference of each pixel, so that the charged particles do not 
migrate among the pixels. A polymer resin is used for the 
dividing wall The dividing wall may be formed by any 
method, includii^ light exposure and wet development after 
coating with a pfaotoseiKitive resin layer, adhering a sepa- 
rately prepared barrier wall, printii^ or molding on the 
surface of the light permeable first substrate. 

Subsequently, the space in each pixel surrounded by the 
dividing wall is filled with the transparent insulation Uquid 
7 and colored aod charged particles 6. A colorless transpar- 
ent hquid such as silicone oil, toluene, xylene and high 
purity petroleum may be used for the insulation liquid 7. A 
material exhibiting a good charging property in the insula- 
tion liquid is used for the black charged particles 6 inctudir^, 
for example, a mixture of a resin such as polyethylene or 
polystyrene with carbon. While the particle size of the 
charged particles 6 is not restricted, particles with a mean 
particle size of 0^ to 20 pm, preferably 1 to 5 fan are usually 
used. 

Finally, the first and second substrates are bonded after 
forming an adhesive layer on the bonding faces of the first 
aiKl second substrates, fiollowed by adhesion by heating, A 
di^lay device is oootpleted by coimecting the assembly to 
a voltage ^^lying device. 

As hitherto described in detail, the following effects were 
obtained by the third embodiment according to the present 
invention. 
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Firstly, passive matrix addressing with good contrast was 
realized in the in-plane (transfer) type eleclrophoretic dis- 
play device without any cross-talk phenomena. This is 
because occurrence of cross-talk due to poor holding of the 
S charged particles in the un-selected pixels, which has been 
a problem in the conventional art, was almost completely 
depressed by the novel construction and addressing method. 

Secondly, the control voltage required for holding the 
charged particles was largely reduced by a synergetic effect 
10 between the physical barrier by the structural barrier wall 
and electrical barrier by the control electrode formed above 
the structural barrier wall. 

Thirdly, all the constituting elements related to addressing 
including the control electrodes can be disposed on a single 
IS substrate. This configuration can eliminate accurate posi- 
tioning in the bonding step of the upper and lower substrates, 
in particular affording a large advantage that a display with 
high resolution can be realized using plastic substrates that 
are in principle difficult to accurately position to one another. 
20 Fourthly, the area ratio between the first and second 
display electrodes was made possible to be larger than the 
conventional ones, in the construction in v^ch high eleva- 
tion of barrier walls or steps were introduced. This configu- 
ration enabled more improvement of contrast to be realized, 
25 by a different reason fix3m depression of cross-talk. 

Fifthly, bidirectional writing was made possible, thereby 
the need of initial reset of the entire screen was eliminated 
to enable partial rewriting addressing to be carried out for 
partially rewriting the screen. 

30 

EXAMPLES 

Examples are described below. The examples 1 and 2 are 
based on the first embodiment, the examples 3, 4 and 5 are 
based on the second embodiment, and the examples 6, 7 and 
8 are based on the third embodiment. The comparative 
examples are prepared for comparison with the examples 1 
to 8. 

Example 1 

^ A 3x3 tnatrix di^lay cell was 'prepared in this example 
using the cell construction shown in FIG. 1, and it was 
addressed by unidirectional writing of the passive matrix. 

A plane view of the 3x3 matrix display cell is shown in 
FIG. 14. The size of one pixel was 1x1 mm, and the area 
ratio among the first display electrode, second control elec- 
trode and second display electrode was 20:5:75. 

The method for manufacturing the cell is briefly described 
with reference to FIGS. 1 and 14. An insulation colored layer 
comprising an acrylic resin in which a white pigment such 
as ahmiina was dispersed was at first formed over the entire 
surface of a first substrate 1 comprising a PET film with a 
thickness of 200 fan. Then, ITO was deposited at low 
temperature as a second di^lay electrode 3, and was pat- 
temed into a shape showii in FIG. 14 by photolithography 
and dry etching. Then, a dark-black titaniiun carbide film 
was deposited as a first display electrode 4 followed by 
patterning by the same method. 

Next, an insidatioa film comprising the acrylic resin was 
50 formed on the display electrode with a thickness of 1 /im. 
Subsequendy, a dark-black titanium carbide film was also 
deposited as a second control electrode 13 followed by 
patterning. Then, an insidation layer 8 comprising an amor- 
phous fluorinated resin was formed over the entire surface 
65 with a thickness of 200 ;mi. 

Subsequently, after a low temperature deposition of ITO 
on the second substrate 2 comprising the PET film as a 
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control electrode 5 on the second substrate 2, the deposition The same addressing was carried out thereafter according 
film was patterned into a shape shown in FIG. 14. An to the selected pixel patterns at the periods of T2 and T3, 
insulation layer comprising the amorphous fluorinated resin thereby obtaining objective display patterns with good coo- 
was then formed over the entire surfece with a thickness of trast. Cross-talk phenomenon, poor transfer of the charged 
200 nm, foUowcd by forming dividing walls 10 thereon. The 5 particles and deterioration of contrast by poor holding were 
dividing walls 10 were formed with an elevation of 70 /im observed at all, an averaged contrast between the blade 
by light exposure and wet etching after coating a photosen- f}?^ ^j^X white state display were as high as 10:1. 
sitive epoxy resin A tran^arent insulation Hquid 7 and maxmium control voltage required for addressmg was 
black-colored charged particles 6 were filled into a space 

formed by the dividing walls. to Example 2 

Silicon oil was used for the tran^arent insulation liquid A 3x3 matrix display cell was prepared with the cell 

7. A mixture of polystyrene and carbon with a mean particle construction shown in FIG. 5 in this example, and the cell 

size of about 5 fm was used for the black-colored charged was addressed by a passive matrix method with unidirec- 

particles 6. The charged particles 6 were positively charged tional writing. Bidirectional transfer of the charged particles 

in the silicone oil Then, a pattern of a heat-fusion adhesive i5 can be prohibited using the construction in FIG. 5, and hence 

layer was formed on the adhesive face between the first bidirectional writing of blade state display-»white state 

substrate 1 and second substrate 2, and the first substrate 1 display and white state display^black state display was 

was placed on the dividing wall on the second substrate 2 enabled. Bidirectional writing addressing is difficult m the 

with positioning to bond them by heating. Adisplay device S^'c^^''^ ^"^u"^"^ '° ^ 

was ^ufartiLl by connecting the ^mbly above to a 20 No, 8-507154 and the present invention is featured by a 

I • J • / . L \ symmetncal structure of the bamer wall, 

voltage applying device (not shown). ^ r i i * .i: i n j • 

& ri-z^-t. -t_j The plane view of the 3x3 matrix display cell prepared IS 

-Hie addressmg method in this example is described ^hown in FIG. 16. The size of one pixel was 1x1 mm, and 

the area ratio among the first display electrode, second 

The first display electrode was used for the first scaiming ^ control electrode and second display electrode was 18:5:77. 

line (Sll to S13), the second display electrode was used for xhe method for manufacturing the cell is briefly described 

the second scanning line (S21 to S23), the first control with reference to FIGS. 5 and 16. An insulation colored layer 

electrode was used for the first signal line (111 to 113), and comprising an acrylic resin in which a white pigment such 

the second control electrode was used for the second signal as alumina was dispersed was at first formed over the entire 

line (121 to 123). ^ surface of a first substrate 1 comprising a PET film with a 

FIG. 15A shows a time ctsat for applying addressing thickness of 200 ;<m. Then, ITO was deposited at low 
pulses on each scannii^ line arri signal line, and FIG. 15B temperature as a second di^lay electrode 3, and was pat- 
shows the change of di^lay state in each period. The temcd into a shape shown in FIG. 16 by photolithography 
selected period (TR, Tl, T2 and T3) of one jgranning line and dry etching. Then, a dark-blade titanium carbide film 
was set to 50 msec. 35 was deposited as a first display electrode 4 followed by 

The entire screen was reset to white state display, and then patterning by the same method. 

unkKrectional (white state^bladc state) writing was carried Next, an epoxy resin was coated with a thickness of 30 

out to the selected pixels (1, 2), (2, 1), (2, 3) and (3, 2) /fln, a dark-black titanium carbide film was deposited as a 

correspondii^ to di^lay patterns for each scanning line. second control electrode, a resist film was coated foUowed 

Writii^-was carried out.by the addressing. method described 40 patterning as shown in FIG. 16, and finally^a reactiyeAry . 

in FIGS. 3A to 3C, and FIGS. 4D to 4G in this example. etching using CF^ and was applied, thereby forming an 

Description of detailed behavior of the charged particles assembly in which the second control electrode 13 compris- 

during writir^ is omitted since it is the same as described in ing titanium carbide is placed on the barrier wall 11 with an 

FIGS. 3A to 3C and FIGS. 4D to 4G. elevation of 30 Then, an insulation layer 8 comprising 

Hic addres^g method will be sequentially described in 45 ^ amorphous fluorinated resin was formed on the entire 

accordance with the time diart A volt^^e Vdl (-50V) was surface with a thidmcss of 200 nm. 

appUed on aU the first scanning lines Sll to S13, a voltage Tbe explanation of the succeedmg process is omitted 

Vd2 (OV) was applied on all the second scanning lines S21 since it is the same as in Example 1 . 

to S23, a voltage Vcl (OV) was applied on all the first signal The addressing method according to the present invention 

lines 111 to 113, and a voltage Vc2 (OV) was applied on all 50 described below. 

the second signal Hnes 121 to 123 at the period TR to rest all The first control electrode was used for the first scanning 

the pixels to v*ite state display. line (Sll to S13), the second control electrode was used for 

Voltages Vdl (+50V) and Vd2 (OV) were allied on the the second scanning line (S21 to S23), the first display 

selected scanning Unes Sll and S21, voltages Vdl (+50V) electrode was used for the first agnal line (111 to 113), and 

and Vd2 (OV) were applied on the un-selected scanning lines 55 the second display electrode was used for the second signal 

S12, S22, S13 and S23, a voltagp Vd (+60V) was applied line (121 to I23XFIG. 16). 

on the first signal line 112 and a voltage Vc2 (+50V) was FIG. 17A shows the time chart of the addressing pulse for 

applied on the second signal line 122, each correspottding to applying on each scanning line and signal line, and FIG. 17B 

the selected pixel (1, 2), A Voltage Vcl (+120 V) was applied shows the change of display state in each period. Writing 

on the first signal lines 111 and n3 corresponding to the 60 was carried out by the addressing method described in FIGS, 

un-selected pixels (1, 1) and (1, 3), and a voltage Vc2 6 and 7, FIGS. 8A and B, FIGS. 9C to 9D and FIGS. lOE 

(+70V) was applied on the second signal line, at a period Tl . to lOE. The selected period per one scarming Une comprises 

As a result, only the selected pixel (1, 2) on the selected the first half period of 30 msec and the latter half period of 

scanning line was rewritten to blade sute display, and white 30 msec. Detailed behavior of the charged particles during 

state display was maintained on the un-selected pixels (1, 1) 65 writing, is omitted since it is the same as described in FIGS, 

and (1, 3X and on each pixel on the un-selected scanning 6 and 7, FIGS. 8A and B, FIGS. 9C to 9D and FIGS. lOE 

line. to lOE. 
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Since bideirectional writing is enabled in this example, 
reset of the entire screen as an initial operation is not needed. 
Therefore, a pattern for displaying at the period TO was 
given as an initial display pattern, and all the pixels were 
inversely di^laycd for every scanning line (SI to S3). 

The addressing method is sequentially described accord- 
ing to the time chart. The first scanning line is selected at a 
period of TI, and a voltage Vcl (OV at the fijst half period 
T11/+100V at the last half period T12) was applied on Sll, 
a voltage of Vc2 (-50V/+50V), was applied on S21, a 
voltage Vcl (+50V/+200V) was applied on S12 and S13 as 
un-sclcctcd scanning lincs> and a voltage Vc2 (0V/+100V) 
was applied on S22 and S23 Simultaneously, voltages Vdl 
(OV/OV) and Vd2 (0V/+100V) were applied as white state 
writing pulses on the first signal lines 111 and 113 and second 
signal lines 121 and 123, respectively, corresponding to the 
pixels (1, 1) and (1, 3). Voltages Vdl (0V/+100V) and Vd2 
(OV/OV) were also applied as blac^ state writing pulses oo 
the first signal line 112 and second signal line 122, 
respectively, corre^K>nding to the pixel (1, 2). As a result, all 
the pixels on the selected first scarming line were rewritten 
and inversely displayed. The initial display state was main- 
tained in each pixel on the second and third un-selccted 
scarming lines. 

The objective inverse display patterns were obtained with 
good contrast by similarly addressing at the periods of T2 
and T3. The display obtained showed no cross-talk 
phenomenon, poor transfer of the charged particles, and 
deterioration of contrast due to poor holding at all, and the 
average contrast between the white state display and black 
state display was as high as about 12:1. The maximum 
addressing voltage required for addressing was 'I-200V. 

The present invention is described in more detail in the 
examples 2, 3 and 4. 

Example 3 

A 3x3 matrix display cell was prepared in this example by 
the cell oonstmction with a step as shown in FIG. 28A, and 
'the cell was addressed* by unidirectional passive matrix ' 
writing. 

The plane view of the 3x3 matrix dtisplay cell prepared is 
shown in FIG. 34. The size of one pixel was 1x1 mm, and 
the area ratio between the first display electrode and the 
second display electrode was 20:80. 

The method for manufacturing the cell is briefly described 
with reference to FIG. 34 and FIG, 28A 

An insulation colored layer comprising an acrylic resin in 
which a ij^te pigment sach as ahimina was dispersed was 
at first formed over the entire surface of a first substrate 1 
comprising a PET film with a thickness of 200 /<m. Then, a 
da^-black titanium carbide film was deposited as a first 
display electrode 4 followed by patterning into the shape 
shown" in FIG. 34 by '|diotolitbograpby and dry'etdung. * 

Next, an epoxy resin was coated with a thickness of 30 
/on, and a thin film of ITO as a second display electrode was 
deposited at low temperature by a magnetron guttering 
method. Subsequently, a resist film was coated and patterned 
into the shape as shown in FIG. 34, and finally subjected to 
reactive dry etching with CF4 and O2 to fioim an assembly 
in which the sccxind di^lay electrode comprising ITO is 
disposed on a step with an ekvation of 30>mi. An insulation 
layer 8 comprising an amorphous fluorinated resin was then 
formed over the entire surface with a thickness of 200 tmi. 

After depositing ITO as a control electrode 5 on the 
second substrate 2 compriang a PET film by low tempera- 
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ture deposition, the film was patterned into a shape showii in 
FIG. 34 and then an insulation film comprising an amor- 
phous fluorinated resin with a thidcness of 200 nm was 
formed over the entire surface. A dividing wall 10 was 

5 formed thereon The dividing wall 10 was formed by apply- 
ing light exposure and wet development after coating a 
photosensitive epoxy resin. The heig^it of the dividing wail 
was 70 /<m, a transparent insulation liquid 7 and black- 
colored charged particles 6 were filled into the space formed 

10 in the dividing wall. 

Silicon oil was used as the transparent insulation liquid 7. 
A mixture of polystyrene and carbon with a mean particle 
size of about 5 ^ was used for the black-colored charged 
particles 6. The charged particles 6 in the silicone oil were 

15 positively charged. Subsequently, a pattern of an adhesive 
layer was formed on the bonding face between the first and 
second substrates, and the first substrate was placed on the 
dividing wall on the first substrate with positioning, fol- 
lowed by bonding by heating. A display device was formed 

20 by connecting the assembly to a voltage application device. 
The addressing method according to the present invention 
is described hereinafter. 

The first display electrode was used for the first scanning 
lines (Sll to S13), the second display electrode was used for 

^ the first scanning lines (S21 to S23), and the control elec- 
trode was used for the signal lines (II to D). 

FIG. 35A shows a time chart of the addressing pulse 
apphed on each scanning line and signal line, and FIG. 35B 

^ shows the change of display state in each period. The first 
half period (TRl, Til, T21 and T31) was set to 30 msec, and 
the last half period (TR2, T12, T22 and T32) was set to 30 
msec. 

The entire screen was addressed to reset to white state 

33 display. Then, unidirectional writing (white state 
display-*black state display) was carried out to the selected 
pixels (1, 2), (2, 1), (2, 3) and (3, 2) corresponding to the 
preset display pattern for each scanning line. Writing was 
carried out in this example according to the addressing 

4Q method described in.FIG. 22, FIG. 23, nG..26 andEIG..27. 
Details of the behavior of the charged particles is omitted 
since it is the same as that described in FIG. 22, FIG. 23, 
FIG. 26 and HG. 27. 

The addres^ng method is sequentially described herein- 

45 after according to the time chart. A voltage Vdl (OV at the 
first half period TR/-50V at the last half period, abbreviated 
hereinafter) was applied on all the first scarming lines Sll to 
S13, a voltage of Bd2 (OV/OV) was applied on all the second 
scanning lines S21 to S23, and a voltage Vc(-50V/oy) was 

50 applied on all the signal lines 11 to 13 at a period TR to reset 
the entire screen to white state di^lay. 

SubsequenUy, voltages Vdl(0V/+50y) and Vd2(0V/- 
50V) was applied on the selected scanning lines Sll and 
S21, and voltages Vdl(-100V/-50V) and ydC2(OV/--50V) 

55 were applied on the un-sel'ected scannit^ liiies Si2,' S22,* 
S13 and S23 at a period TL. A voltage Vc(-50V/0V) was 
apphed on the signal line 12 corresponding to the selected 
pixel (1, 2), and a voltage of Vc(+50V/+100V) was applied 
on the signal lines II and 13 corresponding to the selected 

60 pixels (1, 1) and (1, 3). As a result, only the selected pixel 
(1, 2) on the selected scarming line was rewritten to black 
state display, and white state display was maintained on each 
pixel on the un-selccted pixel (1, 19) and (1, 3), and on each 
pixel on the un-selected scanning line. 

65 The objective inverse display patterns were obtained with 
good contrast by similarly addressing at the periods of T2 
and T3. The display obtained showed no cross-talk 
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phenomenon, poor transfer of the charged particles, and selected scanning line SI were rewritten to inverse display, 

deterioration of contrast due to poor holding at all, and the and the initial display state in each pixel on the un-selected 

average contrast between the \!^^e state di^lay and black scanning lines was maintained 

sute display was as high as about 12:1. Xhe objective inverse display patterns were obtained with 

5 good contrast as a result of similar addressing at the periods 

Example 4 of T2 and T3. The display obtained showed no cross-talk 

A 3x3 matrix display cell was prepared in this example phenomenon, poor transfer of the charged particles, and 

using the ceU construction shown in FIG. 20, and bidirec- deterioration of contrast due to poor hoUing at all, and the 

tional writing was carried out by addressing the passive average contrast between the white state display and black 

matrix. Bidirectional writing of black state dispUy-white state di^lay was as high as about 10:1. 
state di^lay and white state display-^black state display 

was enabled by prohibiting bidirectional in-plane transfer of xamp e 

the charged particles in the construction shown in FIG. 20. A 3x3 matrix display cell was prepared in this example by 

Addressing for bidirectional writing is impossible in the the cell construction shown in FIG. 31B having an overhang 

construction disclosed in Japanese Patent Publication No. shape cross section, and the passive matrix was addressed by 

8-507154, and is one of the fieatures of the present invention. unidirectional writing. The plane view of the 3x3 matrix 

A plane view of the 3x3 matrix dii^lay cell is shown in display cell prepared is shown in FIG. 31. The pixel size was 

FIG. 36. The size of one pixel is 1x1 mm, and the area ratio 1x1 mm, the effective area ratio between the &rst substrate 
between the first display electrode and the second display 20 ^d second substrate was 10:90, the distance between the 

electrode is 18:72. first substrate and second substrate was 70 the elevation 

The method for mamifacturing the cell is briefly described of the stop was 30 /an, and positively charged particles with 

below with reference to FIGS. 36 and 20. A colored insu- a mean particle size of 5 /an were used, 

lation layer comprising an acrylic resin in which a white Explanations of the manufacturing stop are omitted since 
pigment such as alumina was dispersed was formed over the 25 they are the same as that in Example 3 However, dry etching 

entire face on the first substrate 1 comprising a PET film by an oxygen plasma used in forming the second display 

with a thickness of 200 /mi. Then, ITO as a second display electrode and step pattern were applied a little longer than 

electrode 3 was deposited at low temperature, followed by usual to form the cross section with the overhang shape as 

patterning into a shape shown in FIG. 36 by photolithogra- shown in FIG. 31B. 

phy and dry etching. Then, a dack-black titanium carbonate 30 The objective display patterns were obtained with good 

fihn was deposited as a first display electrode 4, foUowed by contrast as a result of the same addressing as in Example 3. 

pattermng as described above. Next, an insulation layer 8 jhe display obtained showed no cross-talk phenomenon, 

comprising an amorphous fluorinated icsin was formed over poor transfer of the charged particles, and deterioration of 

the entire sui£acc with a thickness of 200 nm. Fmally, a contrast due to poor holding at all, and the average contrast 
photosen^tive epoxy resin was coated, exposed to fight and 35 between the white state di^lay and black state display was 

developed to form a barrier wall 11 with a height of 30 /mi. as high as about 15:1. 

The process thereafter is the same as that in Example 3, 

and its explanation is omitted. Example 6 

The addressing method in this exanople is described a 3x3 matrix display cell was prepared in this example 

hereinafter. using the cell construction shown in FIG. 40, and bidirec- 

The control electrode was used for the scaiming line (SI tional writing was carried out by addressing the passive 

to S3), the first di^lay electrode was used for the first sigiial matrix. Bidircctiooal writing of black state display to white 

line ^11 to 113), and the second display electrode was used state display was enabled by prohibiting bidirectional 

for the second signal Hne (121 to 123). in-plane transfer of the charged particles in the construction 

FIG. 37A shows a time chart of the arfrfrRCRtng pulse shown in FIG. 40. Addressing for bidirectional writing is 

applied on each scanning line and signal line, and FIG. 37B impossible in the first construction disclosed in Japanese 

shows the diangc of the di^lay sUte in each period. Patent Publicaticn No. &-507154, and is one of the features 

Reset of the entire screen is not needed in this example, ^f the present invention having a symmetrical structure of 

since bidirectional writing is enabled. Apattem at the period 50 bamer wall. 

TO is given as the initial display pattern in this example, and A plane view of the 3x3 matrix display cell is shown in 

all the pixels arc displayed as inverse patterns for every FIG. 58. The size of one pixel is 200x200 /an, and the area 

scanning line (SI to S3). Writing was carried out by the ratio between the first display electrode, second control 

addressing method shown in FIGS. 24 and 25. Details of the electrode and second display electrode is 20:5:75. 
behavior of the charged particles are omitted, siisce" it is the 55 ' The method for manufacturing the cell is briefly described 

same as that described in FIGS. 24 and 25. with reference to FIGS. 40 and 58. A colored insulation layer 

The addressing method is sequentially described herein- comprising an acrylic resin in which a white pigment such 

after in accordance with the time chart. A voltagp Vc(0V) is as alumina was dispersed was fcMined over the entire face on 

applied on the selected scaiming line SI, a voltage Vc(+ the first substrate 1 comprising a PET film with a thickness 
lOOV) is applied on the un-sdected lines S2 and S3, and 60 of 200 /mi. Then, ITO as a second display electrode 3 was 

voltages Vdl (-50V) and Vdl(+50V) are applied on the first deposited at low temperature, followed by patterning into a 

signal Hues 111 and 113, and the second signal lines 121 and shape shown in FIG. 58 by photoUthography and dry etch- 

123, respectively, corresponding to the pixels (1, 1) and (1, ing. Then, a dark-black titanium carbonate film was depos- 

3) at the period Tl. \bUages Vdl(+50v) and Vd2(-50V) itcd as a first display electrode 4, followed by patterning as 
were also applied on the first signal line 112 and second 65 described above. 

signal line 122, reflectively, corref>onding to the pixel (1, 2) Subsequently, an epoxy resin was coated with a thickness 

as black state writing pulses. As a result, all the pixels on the of 30 /on, and a dark-black titanium carbonate film was 
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deposited as a control electrode film followed by coating of were obtained with good contrast. The display obtained 

a resist film, light exposure and devebpment to form into a showed oo cross-talk phenomenon, poor transfer of the 

shape shown in FIG. 58 by patterning. An assembly in which charged particles, and deterioration of contrast due to poor 

a control electrode 5 comprising titanium carbonate was holding at all, and the average contrast between the white 
placed on the barrier wall 11 with an elevation of 30^ was 5 state display and black state display was as high as about 

formed by reactive fry etching with CF4 and gases. Then, ^(y i 
an insulation layer 8 comprising an amorphous fluorinated 

resin was formed on the entire surface with a thickness of Example 7 
200 /fln. 

Subsequently, an insulation layer 9 comprL^ng the amor- A 3x3 matrix display cell was prepared in this example 

phous fiuorinated resin with a thickness of 200 nm was using the cell construction having a step shown in FIG. 55 A. 

formed on the entire surface of the second substrate 2 The cell was addressed by passive matrix writing, 

comprising a PET film. A barrier wall 10 was formed The plane view of the 3x3 matrix display cell is shown in 

thereon. The barrier wall 10 was formed to an elevation of piQ go. The size of one pixel was 200x200^, and the area 

70;/ by light exposure and wet development after coating a jj^io among the first display electrode, control electrode and 

photosensitive cpoxy resin. The space in the dividing wall ^-^ electrode was 2a5:75. 

formed was filled with an msulation liquid 7 and black- r*. *!. n u oj -uj 

colored chareed particles 6 method for manufacturing the cell is briefly described 

^ ^ J c • 1 ^- t- -J ^ A with reference to FIGS. 60 and 55A. A colored insulation 

Silicon oil was usedfor the msulation hqpiid 7. Armxture comprising an acrylic resin in which a white pigment 

ofpolystyrene mi carbon with a me^ such as alumina was dispersed was formed over the entire 

was used for the bUdc-colored charged particles 6. The ^^^^ ^^^^^ ^ comprising a PET film with a 

chargedparhclese m the sihconeoU was positively charged^ ^00 ^an. Tlien, a dark-black cobred titanium 

Tten,ah^t-fusionadhesivelprpattem^^ ^^^^^^^ ^ ^ ^ ^^^^^^ 4^ 

^"^^ r^'^J^.^ ^as pattemed into a shape shown in the drawing by 

substrate 2- Tlie first sutetra e 1 was placed on the dividing t^toUthography and dry etching. 

wall on the secood substrate 2 with positioiung, and the e-r^ ^ e> 

substrate was bonded by heating to complete a sheet of the Th«' ^ eP^^O^ co^'^d with a thickness of 30 

screen. Addressing characteristics were evahiated after con- ^ r^*st fihn was coated e:q»sed to light and developed 

necting a voltage appKcalion device (not shown) to this to form a negaUve pattern and the resist film was hf t-off after 

gg^j^ depositmg an ITO thrn film by a magnetron sputtering 

The" addressing method according to this oample is ^ "l"^"" ^, low temperature, thereby patterning the second 

J -L -1 L • *w display electrode 3. An insulation layer comprismg an 

described hereinafter. , % j *u i r i j 

^ , , « ^ 1- * • acrylic resm was deposited with a thickness or 1 wm, and a 

The conttol electrode ^^si^d for the scanmng hues (SI titanium^nate film as a control electrode 

? ^ deposited followed by patterning by the same 

hncs (SI to S3)- and the second display ekctiodc was used - , r • *u ^ I a- i 7 i * -x 
7^.^ , ^ 7i'%'%i ^5 method as formmg the second display electrode 3. 

for the second agnal hnes (121 to 123). Subsequently, the step and connection pattern were formed 

FIG. 59A shows the time chart of the addressmg puke ^^^^ ^^^^ and the fihn was subjected to dry etching 

applied on each scannmg line and signal hne, and FIG. 59B ^ reaction gas comprising CF^ and O^, forming an 

shows the change of di^lay state m each period. Each assembly in which the second display electrode 3 and 

penod was adjusted to 50 msec., _ 40 control electrode 5 were disposed on the "step having an 

Reset of entire screen as an mitial operation is not needed, elevation of 30>im. Then, an insulation film with a thickness 

since bidirectional writing is enabled in this example. AU the ©f 200 nm comprising an amorphous fluorinated resin was 

pixels were put into inverse display state for every scanning formed over the entire surface. 

line (SI to S3) by giving a pattern^wnL^ period TD ^ completed thereafter by the 

f theimuald^l^ pattern^ The add^e^ metho^ 45 ^ Example 6. Addressing characteristics 

described m FIGS. 44A and 44B and FIGS. 45C to 45F ^^^^^^ co^ng this screen to a voltage 

were used for writing m this example. Details of the behav- ^ lication device 

ior of the charged particles are omitted, since they are the ^ _ , , . . . , . , , 

same as those descried in HGS. 44A and 44B, and FIGS. addressing method m this example is described 
45Cto45F. so 

The arVtTF^dng mcthod is sequentially described in accor- The first di^lay electrode was used for the scannmg lines 

dance with the time chart A voltage V<^OV) was applied oo (SI to S3), and the control electrode was used for the signal 

the selected scanning fine SI, a voltage Vc(+100V) was lines ^ ^^)- second display line was grounded as a 

applied on the un-sclccted scanning lines S2 and S3, and common electrode. 

voltages Vdl(-50V) and Vd2(+50V) as white state display 55 "'FIG. 61A shows the time chart of the 'addressing pulse 

writing pulses were applied on the fiist signal lines 111 and applied on each scanning line and signal line, and FIG. 61B 

113, and second signal lines 121 and 123, respectively, shows the change of display state in each period. The 

correspoodiiig to the pixels (1, 1) and (1, 3) at the period Tl. selected periods of one scanning lines (TR, Tl, T2 and T3) 

\bllages Vdl(+50V) ami Vd2(-50V) as black state display were set to 50 msec. 

writing pulses were also q>plied on the first signal line 112 go The entire screen was addressed at first to rest into white 

and second signal line 122, respectively, corresponding to state display, and then unidirectional writing (white state 

the pixel (1, 2). As a result, all the pixels on the selected display-»black state display) was carried out to the selected 

scanning fine woe rewritten and were put into inverse, and pixels (1, 2), (2, 1), (2, 3) and (3, 2) correspcmding to the 

the initial display state was maintained in each pixel 00 the predetermined display pattern. The description of the 
un-sclected scanning hoes S2 and S3. 65 detailed behavior of the charged particles is omitted since it 

The same addressing method was used at the periods T2 is the same as described in FIGS. 48A to 48C, and FIGS, 

and 13 thereafter, and the objective inverse di^lay patterns 49D to 49G. 
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The addressing method is described hereinafter according 
to the time chart All the pixels were reset to white display 
state by applying a voluge Vdl(-lOOV) on all the scanning 
lines SI to S3, and by applying a voltage Vc(-50V) on all 
the signal lines II to 13 at the period TR. 

A voltage Vdl(+100V) was applied on the selected scan- 
ning line SI, a voltage Vdl(OV) was applied on the 
un-selected lines S2 and S3, a voltage Vc(+50v) was applied 
on the signal line 12 corresponding to the selected pixels (1, 
2) for black state writing, and a voltage of Vc(+50) was 
applied on the first signal lines II and 13 corresponding to 
the un-selected pixels (1, 19) and (1, 3) for holding the white 
state state at the period H. As a result, only the selected 
pixels (1, 2) on the selected scanning line was rewritten to 
black state display, and the white display state was main- 
tained in the un-seleaed pixels (1, 1) and, (1, 3) and in each 
pixel on the un-selected scanning line. 

The same addressing method was used at the periods T2 
and T3 thereafter, and the objective inverse di^lay patterns 
were obtained with good contrast The display obtained 
showed no cross-talk pheoomeoon, poor transfer of the 
charged particles, and deterioration of contrast due to poor 
holding at all, and the average contrast between the white 
state display and black state display was as high as about 
15:1. 

Example 8 

A 3x3 matrix display cell was prepared in this example 
using the cell construction shown in FIG. 40. The passive 
matrix was addressed by bidirectional writing comprising 
two writing periods shown in FIGS. 50 and 51, FIGS. 52A 
and 52B, FIGS. 53D to 53G and FIGS. 54F and 54G. 

The addressing characteristics were evaluated by cocmect- 
ing ttte voltage applyii^ circuit (not shown) to the display 
cell prepared in ExaanpU 6. The addressing method in this 
example wiU be described hereinafier. 

The control electrode was used for the scanning lines (SI 
to S3), the first display electrode was used for the first ^gnal 
. lioes (111 to 113), and.the second.display electrode was used 
for the second signal Hnes (121 to U3). 

FIG. ti2A shows the time chart of the pulse applied on 
each scannii^ line and signal line, and FIG. 62B shows the 
changes of the di^lay state in each period \^^iting was 
carried out according to the addressing method described in 
HGS- 50 and 51, FIGS. 52A and 52B, FIGS. 53D to 53G 
and FIGS. 54F and 54G. The selected periods for one 
scanning line were 30 msec in the first half period, and 30 
msec in the last half period. Detailed behavior of the charged 
partidcs is omitted since it is the same as described in FIGS. 
50 and 51, HGS. 52A and S2B, HGS. S3D to S3G and 
HGS. 54F and 54G. 

Reset of the entire screen as an initial operation is not 
needed since bidirectional writing is enabled in this 
exaiiq>lc. Accordingly, a pattern shown at the period TO is 
given as a initial display pattern, and display of each pixel 
is reversed for every scaiming line (SI to S3). 

The addressing method is described hereinafter in accor- 
dance with the time chart. A voltage Vc(-50V at the period 
TU/OV at the period T12) was applied on the selected 
scannii^ Hne SI, a voltage Vc(+50V/+100V) was applied on 
the un-selected scanning lines S2 and S3, and voltages 
Vdl(0V/-50V) and Vd2(0V/+50V) were applied as white 
state writing pulses on the first signal Uoes 111 and 113, and 
second sigiial Hnes 121 and 123, re^>ectively, corre^nding 
to the pixeh (1, 1) and (1, 3) at the period Tl. \bltages 
Vdl(0V/+550V) and Vd2(0V/-^V) as black sUtc writing 
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pulses were also applied on the first signal line 112 and 
second signal line 122, respectively, corresponding to the 
pixel (1, 2). As a result, all the pixels on the selected first line 
were rewritten into inverse display. The initial display state 
5 was maintained in each pixel on the second and third 
un-selected lines. 

The objective inverse display patterns were obtained with 
good contrast as a result of siniilar addressing at the periods 
of T2 and T3. The display obtained showed no cross-talk 
10 phenomenon, poor transfer of the charged particles, and 
deterioration of contrast due to poor holding at all, and the 
average contrast between the white state display and black 
state display was as high as about 10:1. 

The comparative example wiU be described hereinafter. 

Comparative Example 

A 3x3 matrix display cell was prepared in this example 
using the cell constructions shown in FIGS. 65A and 65B, 
which are disclosed in Japanese Patent Publication 
^ 8-507154. The passive matrix was addressed by unidirec- 
tional writing. 

The plane view of the 3x3 matrix display cell is shown in 
FIG. 63. The size of one pixel was 200x200 /mi, the area 

^ ratio between the first display electrode and the second 
display electrode was 35:65, the distance between the first 
substrate and second substrate was 70 /on, and the step 
height was 0.3 /mi. The mean particle size of the positively 
charged particles was 1 /nn. The display electrode and the 

^ charged particles were colored as in FIG. 40. 

The method for manufacturing the cell will be briefly 
described with reference to FIGS. 65A and 65B, and FIG. 
63. A colored insulation layer comprising an acryMc resin in 
which a white pigment such as alumina was dispersed was 

35 formed over ibc entire surface on the first substrate com- 
prising a PET film with a thickness of 200 /an. A dark-black 
colored titanium carbide film was deposited as a first display 
electrode 4, and was patterned into a shape shown in the 
drawing by photolithography and dry etching. 

40 Then, an epoxy . resin- was-coatcd with a- thickness of 0.3. ^ 
/mi, and subsequently an ITO film as a second display 
electrode was deposited by a magnetron sputteriiig method 
at low temperature. Then, a resist film was coated, and 
patterned into the shape as shown in FIG. 31. A reactive dry 

45 etching was finally applied using CF4 aixl O2 gases to form 
an assembly in which the second display electrode compris- 
ing ITO was formed on the step with an elevation of 03 /mi. 
Then, an insulation layer 8 comprisir^ an amorphous flu- 
orinated resin was formed with a thickness of 200 nm. 

50 After depositing ITO as the control electrode 5 on the 
second substrate 2 comprising a PET film at low 
temperature, the film was patterned into a shape shown in 
FIG. 63, and then an insulation film with a thickness of 200 
nm comprising an amorphous fiuorinated rc^n was formed 

55 on the entire surface.' The' dividing wall 10 was formed 
thereon. The dividing wall 10 was formed by an elevation of 
70 /mi by light exposure and wet development, after coating 
a photosensitive epoxy resin. An insulation liquid 7 and 
blade-colored charged panicles 6 were injected into the 

60 space within the dividing walls formed. 

Silicone oil was used for the insulation liquid 7. A mixture 
of polystyrene and carbon with a mean particle size of 1 /mi 
was used for the black-colored charged particles 6 as in 
Example 6. The charged particles 6 were positively charged 

65 in the siHoone oil. Subsequently, an adhesive pattern was 
formed on the bonding face between the first sub^ratc 1 and 
the second substrate 2, and the first substrate 1 was placed 
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on the dividing wall on the second substrate 2 followed by a second substrate disposed in opposed relation to the first 

bonding by heating. A display device was completed by substrate; 

connecting to a voltage applying circuit (not shown). voltage applying means for applying a desired voltage on 

The addressing method is described hereinafter. each d^^lay electrode; 

The first display electrode was used for the scanning lines 5 a transparent insulation liquid filled between the first 

(SI to S3), and the control electrode was used for the signal substrate and the second substrate; and 

lines (II to 13). The second di^lay electrode was fixed to the a plurahty of colored and charged fine particles dispersed 

earth potential as a common electrode. in the insulation liquid, with di^lay modes being 

FIG. 64A ^ows the time chart of the addressing pulse switched by allowing the colored and charged particles 

applied on each scanning line and signal line, and FIG. 64B lo transfer between the first and second display 

shows the change of di^lay state in each period. The electrodes, 

selected periods (TR, Tl, T2 and T3) for one scanniog line wherein a first control electrode disposed on the second 

were set to 50 msec. substrate, and a second control electrode disposed 

The entire screen was initially set to white display state by between the first display electrode and the second 

addressing, and then unidirectional writing was carried out display electrode on the first siibstraie, are provided for 

for the selected pixels (1, 2), (2, 1), (2, 3) and (3, 2) controlling transfer of the charged particles, 

corresponding to predetermined (ti^lay pattern (white state 2. An electrophoretic display device according to claim 1, 

display-*bladt state display). Writing was earned out by the further comprising a barrier structure disposed between the 

addressing method desaribed in FIGS. 66 to 67, FIGS. 68A first display electrode and the second display electrode, 

to 68C, and FIGS. 69D to 69G in this example. Detailed wherein the second control electrode is disposed at a peripb- 

behavior of the charged particles is omitted, since it is the ery of the barrier structure. 

same as described in FIGS. 66 to 67, FIGS. 68A to 68C, and 3. An electrophoretic display device according to claim 2, 

FIGS. 69D to 69G- wherein said barrier structure comprises a wall, and the 

The addressing method is described hereinafter in accor- second electrode is disposed at a tip of the barrier wall, 

dance with the time chart A voUage of Vd(-50V) is appUcd 4. An electrophoretic display device according to claim 2, 

onallthescaiminglinesSltoS3,andavoltageVc(0^was ^ wherein said barrier structure comprises a step, and the 

applied on all the signal lines II to 113 to reset all the pixels second conUol electrode is disposed at an edge of the step, 

to white di^lay state. 5. An electrophoretic display device according to claim 4, 

A voltagp Vd(+50V) was appHed on the selected scanning wherein a shielding space in which the charged particles are 

hne SI, a voltage of vd(+5v) was applied on the un-selected able to enter and exit and which is invisible to an observer 

Hnes S2 and S3, a voltage Vc(+50V) was applied on signal 30 of the screen is provided under a face of one of the display 

fine 12 corre^nding to the selected pixels (1, 1) and (1, 3), electrodes adjoining to the step and located at the upper side 

and a voltage Vc(+250V) was applied on the signal lines II of ^^V adjacent to the other di^lay electrode, 

and 13 corresponding to the un-selected pixels (1, 19) and A electrophoretic display device according to claim 1, 

(1, 3) at the period Tl. As a result, only the selected pixel (1, wherein the voltage signal applied on each display electrode 

2) on the selected scanning line SI was rewritten to the blade 35 and on each control electrode for allowing the charged 

display state, and the white display state was maintained in particles to transfer between the display electrodes is com- 

eadi pixel on the un-selected pixels (1, 1) and (1, 3), and in posite signal comprising a first period for allowing the 

each pixel on the un-sclcctcd scaimii^ lines S2 and S3. charged particles to transfer the second control electrode. 

However, depression of the diarged particles in the and second period fiar allowing the charged particles con- 

.un-selecled^pixelsXl..l).a^ 3) by the control volUge ^ centrated on the second control electrode to transfer, to the 

Vc(+250V) was so insufficient that a part of the charged objective display electrode. 

partidcs had been transferred toward the second display 7 ^ method for addressing an electrophoretic display 

electrode side as shown in FIG. 68C resulting in a grayish device comprising a first substrate; a first display electrode 

display as shown m FIG. 64B. ^ ^ ^^^^ electrode disposed on the first sub- 

Although the objecfave disphiy pattern was obtamed strate; a second substrate disposed in opposed relation to the 

thereafter as a result of smular aAlressmg m accordance substrate; means for flying a desired voltage on each 

with the seleded pccel patt«^ at the penod of T2 and T3, electrode; a transparent insulation Uquid filled between the 

^[^'^f T tt^^ ficst substrate and the second substrate; a plurahty of colored 

a worst display contrast The mean contrast between the , . ,„ 1 j- j • *u - 1 *,* r -a 

white statTdi^by a«i bUck slate display was about 3:1. »f '^.'^^ P^''^ m die insulation liquKi; 

Whik a contol ^tagp of +250V was used in this com- 50 » bamer steucturc di^osed between the &st di^lay dec- 

parative example, it was still insufficient and requires an trode and the second di^lay electrode; a first wntrol clec- 

increase trode disposed on the second substrate as an electrode for 

While' the present invention has been described with controlling tranter of the charged particles; and a second 

reference to what are presently considered to be the pre- control electrode disposed at a periphery of the barrier 

ferred embodkiats, it is to be imderstood that the Wentio^ 5S structure of the first substrate, with di^lay modes being 

is not limited to the disdosed embodiments, on the contrary, switched by allowing the colored and charged particles to 

the invention is intended to cover various modifications and transfer between the first and second di^lay electrode, said 

equivalent arrangements included within the spirit and scope method comprising the steps of: 

of the appended claims. The scope of the following dainos allowing the charged particles to transfer from one of the 

is to be accorded the broadest intcrprctatioa so as to encom- 5Q display electrodes to the vicinity of the second control 

pass all sudi modifications and equivalent structured and electrode in a first process; and 

functions. allowing the diarged particles to transfer from the second 

What is claimed is: control electrode to the other display electrode side by 

1. An electrophoretic display device comprising: jumping over the barrier structure in a second process 

a first substrate; 65 in order to transfer the charged particles, 

a first display electrode and a second display electrode 8. A method for addressing an electrophoretic display 

di^iosed on the first substrate; device according to claim 7, further comprising the step of: 
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applying a voltage to the first display elearode, second 
display electrode and control electrode so that 
the first process satisfies the relation of; 
(the potential of both display electrodes, and the 
potential of the first control electrode)>(the poten- 
tial of the second control electrode); and 
the second process satisfies the relation of; 
(the potential of the display electrode where the 
cfaaiged particles reside, and the potential of the 
first control electrode)>(tbe potential of the sec- 
ond control electrod6)>(thc potential of the dis- 
play electrode as a destination of transfer), 
for the positively charged particles, and 
the first process satisfies the relation o^ 

(the potential of both display electrodes, and the 
potential of the first control electrode)<(the poten- 
tial of the second control electrode); and 
the second process satisfies the relation of 
(the potential of the display electrode wbtrt the 
charged particles reside, and the potential of the 
first control clectrDde)<(tbe potential of the sec- 
ond control clectrDdc)<(the potential of the dis- 
play electrode as a dcstioatioo of transfer), 
for the negatively charged partides, 
io order to induce transfer of the charged particles 
comprising the two processes. 

9. An electrophoretic display device, comprising: 
a first substrate; 

a first di^lay electrode and a second display electrode 

disposed on the first substrate; 
a second substrate disposed in opposed relation to the first 

substrate; 

a control electrode disposed on the second substrate; 

means for flying a desired voltage on each electrode; 

a tran^sarent insolation liquid filled between the first 
substrate and the second substrate; and 

a plurality of colored and charged fine particles dispersed 
in the transparent insulation liquid, with display modes 
beii^ switched by allowing the colored and charged 
particles to horizontally transfer-between the first and 
second di^lay electrodes, 

wherein a barrier wall that substantially prohibits direct 
in-plane transfer of the charged particles at least toward 
one direction between the first d^lay electrode and the 
second di^lay electrode is provided between the first 
di^ay electrode and the second di^lay electrode. 

10. Ad electrophoretic di^lay device accordirig to claim 
9, wherein the barrier waD protrudes out of at least one face 
of the first display electrode and the second display 
electrode, and is constructed of a geometrical step having a 
height several to several ten times as the larg^ particle size 
of the charged partides. 

11. An electrophoretic display device according to claim 
9, wherein the barrier wall is a barrier electrode applying an 
electrostatic repulsion force to the charged partides. 

12. An electrophoretic display device according to claim 
9, wherein the barrier wall is a charged assembly applying 
an electrostatic repulsion force to the charged partides. 

13. An electrophoretic display device according to claim 
9, wherein the barrier waU is a step and a shielding space in 
which the charged partides are able to enter and exit and 
which is invisible by an observer of the display screen is 
formed under a face of one of the display electrodes adjoin- 
ing to the step and located at the upper side of the step 
aci^acent to the other dt^lay electrode. 

14. A method for addressing an electrophoretic display 
device comprising a first substrate; a first display electrode 
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and a second display electrode disposed on the first sub- 
strate; a second substrate disposed in opposed relation to the 
first substrate; a control electrode disposed on the second 
substrate; means for applying a desired voltage on each 
electrode; a transparent insulation liquid filled between the 
first substrate and the second substrate; a plurality of colored 
and charged fine particles dispersed in the insulation liquid; 
and a barrier wall disposed between the first display elec- 
trode and the second display electrode for substantially 
prohibiting direct in-plane transfer of the charged particles at 
least toward one direction between the first display electrode 
and the second display electrode, with display modes being 
switched by allowing the colored and charged particles to 
transfer between the first and second display electrodes 
using the control electrode, wherein 

the method for transferring the charged particles toward 
the direction substantially prohibited by the barrier wall 
is carried out by an indirect transfer comprising the 
steps of: 

allowing the charged particles to transfer from one of the 
display electrodes to the control electrode side in a first 
process; and 

succeeding the first process, allowing the charged par- 
ticles to transfer from the control electrode side to the 
other display electrode side by jumping over the barrier 
wall in a second process. 

15. A method for addressing an electrophoretic display 
device according to claim 14, further comprising the step of 
applying voltages on the first display electrode, second 
display electrode and control electrode so that a period 
satisfying the relation of (A) "the potential of the display 
electrode that is not a destination of transfer>the potential of 
the control clcctrode>the potential as a destination of trans- 
fer^ for the positively charged particles is included, and so 
that a period satisfying the relation of (B) "the potential of 
the display electrode that is not a destination of transfer <the 
potential of the control electrode<the potential as a destina- 
tion of transfer" for the negatively charged particles is 
included, in order to induce indirect transfer of the^charged. . 
particles. 

16. An electrophoretic di^lay device, comprising: 
a first substrate; 

a first display electrode and a second display electrode 

di^Ktsed on the first substrate; 
a second substrate disposed in opposed relation to the first 

substrate; 

means for applying a desired voltage on each electro(fe; 
a transparent insulation liquid filled between the first 

substrate and the second substrate; and 
a plurality of colored arid charged fine particles dispersed 

in the transparent insulation electrode, with display 

modes being switched by allowing the colored and 
' charged particles between the first and second display 

electrodes, 

wherein a control electrode is disposed between the first 
display electrode and the second display electrode on 
the first substrate, and a space between an upper face of 
the control electrode and a surface of the first substrate 
is larger than spaces between an upper face of the first 
di^lay electrode and the surface of the first substrate, 
and between an upper face of the second display 
electrode and the siirface of the first substrate. 

17. An electrophoretic display device according to claim 
16, wherein a structural barrier is di^scd between the first 
display electrode and the second display electrode on the 
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first substrate, and the control electrode is di^K)sed above 
the structural barrier. 

18. An electrophoretic display device according to claim 

17, wherein the structural barrier is a step. 

19. Ad electrophoretic display device according to claim 

18, wherein a shielding space in which charged particles are 
able to enter and exit and which is invisible to an observer 
of the screen is provided under a face of one of the display 
electrodes adjoining to the step and located at an upper side 
of the step adjacent to the other display electrode. 

20. An electrophoretic di^lay device according to claim 
17, wherein the structural barrier is a wall. 

21. A method for addressing an electrophoretic display 
device comprising a first substrate; a first display electrode 
and a second di^lay electrode disposed on the first sub- 
strate; a second substrate disposed in opposed relation to the 
first substrate; means £or applying a desired voltage on each 
electrode; a transparent insulation Uquid filled between the 
first substrate and the second substrate; a plurality of colored 
and charged fine particles dispersed in the transparent insu- 
lation liquid; arul a structural barrier disposed at a boundary 
between the first display electrode and the second display 
electrode, with display modes being switched by allowing 
the colored and charged particles to transfer between the first 
and second display electrodes, and being able to control 
transfer of the colored and charged particles by a synergctic 
cSect between a (^ysical barrier effect by the structural 
barrier and an electrical barrier effect by a control electrode; 
said method comprising the steps of: 

allowing the charged particles to transfer £rom om of the 
di^ay electrodes to the vicinity of the control elec- 
trode in a first process; and 

succeeding the first process, allowing the charged par- 
ticles to transfer from the control electrode to the other 
display electrode side by jumping over the structural 
barrier in a second process in order to transfer the 
charged particles. 

22. A method for addressing an electrophoretic display 
device according to claim 21, fiirther comprising the step of 
a^Jlyii^g a voltage to the first di^lay electrode, second 



display electrode and control electrode so that transfer of the 
positively charged particles involves the period satisfying 
the relation of; 

(the potential of the display electrode that is not a desti- 
5 nation of transfer)>(the potential of the control 
electrode)>(the potential of the display electrode as a 
destination of transfer), and 
transfer of the negatively charged particles involves the 
period satisfying the relation of; 
(the potential of the display electrode that is not a 
destination of transfer)<(the potential of the control 
electrode)<(the potential of the display electrode as 
a destination of transfer), 
in order to induce transfer of the charged particles. 
23. A method for addressing an electrophoretic display 
device according to claim 22, further comprising the step of 
applying a voltage to the first display electrode, second 
display electrode and control electrode so that the first 
process satisfies the relation of; 

(the potential of both display electrodes)>(lhe potential of 

the control electrode), and 
the second process satisfies the relation of; 

(the potential of the display electrode where the 
charged particles reside)>(the potential of the control 
eleclrode)>(the potential of the display electrode as 
a destination of transfer) 
for transfer of the positively charged particles, and 
the first process satisfies the relation of: 
^ (the potential of both display electrodes)<(lbe potential 
of the control electrode), and 
the second process satisfies the relation of; 

(the potential of the display electrode where the 
charged particles reside)<(tbe potential of the control 
electrode)<(the potential of the display electrode as 
a destination of transfer), 
for transfer of the negatively diaiged particles, in order 
to induce transfer of the charged particles. 
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